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HISTAMINE 


RECOVERY 


To 25% of control 
To 95% of control 


-DOSING 
FLEXIBILITY 


STORAGE & 
SHELF LIFE 


AMETERS IN SELECTING 


NEUROMUSCULAR iene a AGENT — 


Norcuron‘ 


(vecuronium bromide) for in r injection 


No significant variations in 
blood pressure, cardiac output, 
or systemic vascular resistance.’ 


Available clinical experience 
indicates that reactions 
commonly associated with 
histamine release are unlikely 
to occur.“ 


25-40 min’ 

45-65 min’ 

The aial recommended dose 
is 0.08-0.1 mg/kg. 


Dose can be increased 

up to 0.28 mg/kg for long 
cases without significant 
histamine release or related 
cardiovascular side effects." 


2-year shelf life in lyophilized 
form at room temperature. 
Can be reconstituted with 
various IV solutions including 
Lactated Ringers. 


* Dose of atracurium above 0.5 mg/kg is not recommended. 
t As originally supplied by the respective manufacturers. 
+ Storage after reconstitution varies with solution. See package insert. 


2-year shelf life under constant 








Statistically significant variations 
in blood pressure, cardiac 
output, and systemic vascular 
resistance. (P<. 05) 





Precautions advised for patients 
in whom substantial histamine 
release would be hazardous (eg, 
clinically significant cardiovas- 
cular disease, asthma). * 


35-45 min’ 
60-70 min’ 
Initial recommended dose is 
0.4-0.5 mg/kg. 

A moderate histamine release 
and significant falls in blood 
pressure have been seen 
following a dose of 0.5 mg/ kg 
(P<.05) and 0.6 mg/kg.” 





refrigeration. 


Upon removal from refrigeration 
to room temperature storage, 
use within 14 days even if 
rerefrigerated. 
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THE LOGICAL CHOICE FOR NEUROMUSCULAR BLOCKADE 


See following page for brief summary of prescribing information. 








JNVorcuron 


(vecuronium bromide) for injection 


"Before prescribing, please consult complete product information, a summary of which follows: 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 
ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 


NTRAINDICATIONS: Norcuron® is contraindicated in patients known to have a hypersensitivity to it. 
IARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVI- 

SION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT 
MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, 
"ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
"MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. TO REDUCE THE POSSIBILITY OF PROLONGED NEURO- 
"MUSCULAR BLOCKADE AND OTHER POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING LONG-TERM USE IN 
WHE ICU, NORCURON® OR ANY OTHER NEUROMUSCULAR BLOCKING AGENT SHOULD BE ADMINISTERED IN CAREFULLY 
"ADJUSTED DOSES BY OR UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS 
"ACTIONS AND WHO ARE FAMILIAR WITH APPROPRIATE PERIPHERAL NERVE STIMULATOR MUSCLE MONITORING TECH- 
NIQUES (see PRECAUTIONS). In patients who are known to have myasthenia gravis or the myasthenic (Eaton-Lambert) 

syndrome, small doses of Norcuron® may have profound effects. In such patients, a peripheral nerve stimulator and use of a 

small test dose may be of value in monitoring the response to administration of muscle relaxants 


enal Failure: Norcuron® is well tolerated without clinically significant prolongation of neuromuscular blocking effect in 
datients with renal failure who have been optimally prepared for surgery by dialysis. Under emergency conditions in anephric 
Jatients some prolongation of neuromuscular blockage may occur; therefore, if anephric patients cannot be prepared for non- 
lective ame a lower initial dose of Norcuron® should be considered. 

Wltered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age, edematous 
states Cam in increased volume of distribution may contribute to a delay in onset time, therefore dosage should not be 
ncreased. 

Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time in keep- 
ng with the role the liver plays in Norcuron® metabolism and excretion. Data currently available do not permit dosage 

recommendations in patients with impaired liver function. 

ng-term Use in 1.C.U.: In the intensive care unit, in rare cases, long-term use of neuromuscular blocking drugs to facili- 
tate mechanical ventilation may be associated with prolonged paralysis and/or skeletal muscle weakness that may be first noted 
juring attempts to wean such patients from the ventilator. Typically, such patients receive other drugs such as broad spectrum 
antibiotics, narcotics and/or steroids and may have electrolyte imbalance and diseases which lead to electrolyte imbalance, 
“lypoxic episodes of varying duration, acid-base imbalance and extreme debilitation, any of which may enhance the actions of a 
“neuromuscular blocking agent. Additionally, patients immobilized for extended periods frequently develop symptoms consistent 
with disuse muscle atrophy. The recovery picture may vary from regaining movement and strength in all muscles to initial recov- 
ery of movement of the facial and small muscles of the extremities then to the remaining muscles. In rare cases recovery may be 
aver an extended period of time and may even, on occasion, involve rehabilitation. Therefore, when there is a need for long-term 
mechanical ventilation, the benefits-to-risk ratio of neuromuscular blockade must be considered. Continuous infusion or inter- 
mittent bolus dosing to support mechanical ventilation has not been studied sufficiently to ce Gosage recommendations, 

IN THE INTENSIVE CARE UNIT, APPROPRIATE MONITORING, WITH THE USE OF A PERIPHERAL NERVE STIMULATOR TO 
wASSESS THE DEGREE OF NEUROMUSCULAR BLOCKADE IS RECOMMENDED TO HELP PRECLUDE POSSIBLE PROLONGA- 
TION OF THE BLOCKADE. WHENEVER THE USE OF NORCURON® OR ANY NEUROMUSCULAR BLOCKING AGENT IS 
WCONTEMPLATED IN THE ICU, IT IS RECOMMENDED THAT NEUROMUSCULAR TRANSMISSION BE MONITORED CONTINU- 

USLY DURING ADMINISTRATION AND RECOVERY WITH THE HELP OF A NERVE STIMULATOR. ADDITIONAL DOSES OF 
ORCURON® OR ANY OTHER NEUROMUSCULAR BLOCKING AGENT SHOULD NOT BE GIVEN BEFORE THERE IS A DEFINITE 
ESPONSE TO T, OR TO THE FIRST TWITCH. IF NO RESPONSE IS ELICITED, INFUSION ADMINISTRATION SHOULD BE DIS- 
ONTINUED UNTIL A RESPONSE RETURNS. 

"Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose airway and/or 
tilatory problems See Bags care before, during and after the use of neuromuscular blocking agents such as Norcuron® 
Malignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering a potentially 
atal hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient data derived from screening 

in susceptible animals (swine) to establish whether or not Norcuron® is capable of triggering malignant hyperthermia. 

C.N.S.: Norcuron® has no known effect on consciousness, the pain threshold or cerebration. Administration must be accom- 

nied by adequate anesthesia or sedation. 

Drug Interactions: Prior administration of succinylcholine may enhance the neuromuscular blocking effect of Norcuron® 
vecuronium bromide) for injection and its duration of action. If succinylcholine is used before Norcuron®, the administration of 

orcuron® should be delayed until the succinylcholine effect shows signs of wearing off. With succinylcholine as the intubating 
sagent, initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce complete neuromuscular block with clini- 
wal duration of action of 25-30 minutes. The use of Norcuron® before succinylcholine, in order to attenuate some of the side 
effects of succinylcholine, has not been sufficiently studied. 

Other nondgpolarizing neuromuscular blocking agents (pancuronium, d-tubocurarine, metocurine, and gallamine) act in the 

same fashion as does Norcuron®, therefore these drugs and Norcuron® may manifest an additive effect when used together. 
There are insufficient data to support concomitant use of Norcuron® and other competitive muscle relaxants in the same patient 

“inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane, isoflurane, and halothane with 
Norcuron® will enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and isoflurane. With the 

above agents the initial dose of Norcuron® may be the same as with balanced anesthesia unless the inhalational anesthetic has 

been administered for a sufficient time at a sufficient dose to have reached clinical equilibrium. 

Antibiotics: Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensify or produce neuro- 
muscular block on their own. The following antibiotics have been associated with various degrees of paralysis: aminoglycosides 
(such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin): tetracyclines; bacitracin; polymyxin B; 
Colistin; and sodium colistimethate. If these or other newly introduced antibiotics are used in conjunction with Norcuron®, unex- 
pected prolongation of neuromuscular block should be considered a possibility. 

Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggest that recurrent 
paralysis may occur. This possibility must also be considered for Norcuron®. Norcuron® induced neuromuscular blockade has 
been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat). Electrolyte imbalance and diseases 
which lead to electrolyte imbalance, such as adrenal cortical insufficiency, have been shown to alter neuromuscular blockade. 
Depending on the nature of the imbalance, either enhancement or inhibition may be expected. Magnesium salts, administered 
for the management of toxemia of pomy may enhance the neuromuscular blockade. 

Drug/laboratory test interactions: None known. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to 
evaluate carcinogenic or mutagenic potential or impairment of fertility. 

Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. It is also not 
known whether Norcuron® can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity 
Norcuron® should be given to a pregnant woman only if clearly needed. 

Pediatric Use: Infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia, are moderately 
more sensitive to Norcuron® on a mg/kg basis than adults and take about 1 times as long to recover. Information presently 
available does not permit recommendations for usage in neonates. 

ADVERSE REACTIONS: The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an 

extension of the drug's pharmacological action beyond the time period needed. This may vary from skeletal muscle weakness to 

profound and prolonged skeletal muscle paralysis resulting in respiration insufficiency or apnea 

Inadequate reversal of the neuromuscular blockade is possible with Norcuron® as with all curariform drugs. These adverse 
reactions are managed by manual or mechanical ventilation until recovery is judged adequate. Little or no increase in intensity 
of blockade or duration of action with Norcuron® is noted from the use of thiobarbiturates, narcotic analgesics, nitrous oxide, or 
droperidol. See OVERDOSAGE tor discussion of other drugs used in anesthetic practice which also cause respiratory 
depression. 

Prolonged to profound extensions of paralysis and/or muscle weakness as well as muscle atrophy have been reported after 
get use to Support mechanical ventilation in the intensive care unit (see PRECAUTIONS). 

he administration of Norcuron® has been associated with rare instances of hypersensitivity reactions (bronchospasm, 
hypotension and/or tachycardia, sometimes associated with acute urticaria or erythema) 

OVERDOSAGE: The possibility of iatrogenic overdosage can be minimized by carefully monitoring muscle twitch response to 

peripheral nerve stimulation 

Excessive doses of Norcuron® produce enhanced pharmacological effects. Residual neuromuscular blockage beyond the 
time period needed may occur with Norcuron® as with other neuromuscular blockers. This may be manifested by skeletal mus- 
cle weakness, decreased respiratory reserve, low tidal volume, or apnea. A peripheral nerve stimulator may be used to assess 
the degree of residual neuromuscular blockade trom other causes of decreased respiratory reserve. 

Respiratory depression may be due either wholly or in part to other drugs used during the conduct of general anesthesia 
such as narcotics, thiobarbiturates and other central nervous system oe Under such circumstances, the primary treat- 
ment is maintenance of a patent airway and manual or mechanical ventilation until complete recovery of normal respiration is 
assured. Regonol® (pyridostigmine bromide) injection, neostigmine, or edrophonium, in conjunction with atropine or glycopyr- 
rolate will usually antagonize the skeletal muscle relaxant action of Norcuron®. Satisfactory reversal can be judged by adequacy 
of skeletal muscle tone and by adequacy of respiration. A peripheral nerve stimulator may also be used to monitor restoration of 
twitch height. Failure of prompt reversal (within 30 minutes) may occur in the presence of extreme debilitation, carcinomatosis, 
and with concomitant use of certain broad spectrum antibiotics, or anesthetic agents and other drugs which enhance neuro- 
muscular blockade or cause respiratory depression of their own. Under such circumstances the management is the same as that 
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Mh gh Prior to the use of reversal agents, reference should be made to the specific package insert of the reversal agent. 
DOSAGE AND ADMINISTRATION: Before prescribing, please consult complete product information. Norcuron® (vec- 
uronium bromide) for injection is for intravenous use only. This drug should be administered by or under the supervision of 
experienced clinicians familiar with the use of neuromuscular blocking agents. Dosage must be individualized in each case. TI 
dosage information which follows is derived trom studies based upon units of drug per unit of body weight and is intended to 
serve as a guide only, especially regarding enhancement of neuromuscular blockade of Norcuron® by volatile anesthetics and 
by prior use of succinylcholine (see PRECAUTIONS/Drug Interactions). Parenteral drug products should be inspected visually 
for — matter and discoloration prior to administration whenever solution and container permit. 

0 obtain maximum Clinical benefits of Norcuron® and to minimize the possibility of overdosage, the monitoring of muscle 
twitch response to peripheral nerve stimulation is advised. 

The recommended initial dose of Norcuron® is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the EDgg) given as an intravenous bolus 
injection. This dose can be expected to produce good or excellent non-emergency intubation conditions in 2.5 to 3 minutes 
after injection. Under balanced anesthesia, clinically required neuromuscular blockade lasts approximately 25-30 minutes, with 
recovery to 25% of control achieved approximately 25 to 40 minutes after injection and recovery to 95% of control achieved 
approximately 45-65 minutes after injection. In the presence of potent inhalation anesthetics, the neuromuscular blocking effec! 
of Norcuron® is enhanced. If Norcuron® is first administered more than 5 minutes after the start of'inhalation agent or when 
Steady state has been achieved, the initial Norcuron® dose may be reduced by approximately 15%, i.e., 0.060 to 0.085 mg/kg. 

Prior administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of Norcuron® 
If intubation is performed using succinylcholine, a reduction of initial dose of Norcuron® to 0.04-0.06 mg/kg with inhalation 
anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required. 

During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuron® are recommended; after th 
initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 minutes. However, clinical crite 
ria should be used to determine the need for maintenance doses. Since Norcuron® lacks clinically important cumulative effects 
subsequent maintenance doses, if required, may be administered at relatively regular intervals for each patient, ranging approx- 
imately from 12 to 15 minutes under balanced anesthesia, slightly longer under inhalation agents. (If less frequent administra- 
tion is desired, higher maintenance doses may be administered.) 

Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg/kg up to 
0.28 mg/kg have been administered during surgery under halothane anesthesia without ill effects to the cardiovascular system 
being noted as long as ventilation is properly maintained. 

Use by Continuous Infusion: After an intubating dose of 80-100 pg/kg, a continuous intusion of 1 Hg/Kg/min can be initi- 
ated approximately 20-40 min later. Infusion of Norcuron® should be initiated only after early evidence of spontaneous recover 
from the bolus dose. Long-term intravenous infusion to support mechanical ventilation in the intensive care unit has not been 
Studied sufficiently to support dosage recommendations (see PRECAUTIONS). 

The infusion of Norcuron® should be individualized for each patient. The rate of administration should be adjusted according 
to the patient's twitch response as determined by peripheral nerve stimulation. An initial rate of 1 g/kg/min is recommended, 
with the rate of the infusion adjusted thereafter to maintain a 90% suppression of twitch response. Average infusion rates may 
range from 0.8 to 1.2 g/kg/min 

Inhalation anesthetics, particularly enflurane and isoflurane may enhance the neuromuscular blocking action of non- 
depolarizing muscle relaxants. In the presence of steady-state concentrations of enflurane or isoflurane, it may be necessary to 
reduce the rate of infusion 25-60 percent, 45-60 min after the intubating dose. Under halothane anesthesia it may not be nec- 
essary to reduce the rate of infusion. 

Spontaneous recovery and reversal of neuromuscular blockade following discontinuation of Norcuron® infusion may be 
expected to proceed at rates comparable to that following a single bolus dose. 

Infusion solutions of Norcuron® can be prepared by mixing Norcuron® with an appropriate infusion solution such as 5% 
glucose in water, 0.9% NaCl, 5% glucose in saline, or Lactated Ringers. Unused portions of infusion solutions should be 
discarded. 

Infusion rates of Norcuron® can be individualized for each patient using the following table: 


Drug Delivery Rate (g/kg/min) Intusion Delivery Rate (mL/kg/min) 


0.1 mg/mL” 0.2 mg/mLt 
0.7 0.007 0.0035 
0.8 0.008 0.0040 
0.9 0.009 0.0045 
1.0 0.010 0.0050 
1.1 0.011 0.0055 
1.2 0.012 0.0060 
1.3 0.013 0.0065 


“10 mg of Norcuron® in 100 mL solution t20 mg of Norcuron® in 100 mL solution 
The following table is a guideline tor mL/min delivery for a solution of 0.1 mg/mL (10 mg in 100 mL) with an infusion pump. 
NORCURON® INFUSION RATE - mL/MIN 


Amount of Drug Patient Weight — kg 


w.0/kg/min 40 50 60 70 80 90 100 
07 0.28 0.35 0.42 0.49 0.56 0.63 0.70 
08 0.32 0.40 0.48 0.56 0.64 0.72 0.80 
0.9 0.36 0.45 0.54 0.63 0.72 0.81 0.90 
10 0.40 0.50 0.60 0.70 0.80 0.90 1.00 
11 0.44 0.55 0.66 0.77 0.88 0.99 1.10 
12 0.48 0.60 0.72 0.84 0.96 1.08 1.20 
13 0.52 0.65 0.78 0.91 1.04 117 1.30 


-1 Si 


NOTE: If a concentration of 0.2 mg/mL is used (20 mg in 100 mL), the rate should be decreased by one-half. 


Dosage in Children: Older children (10 to 17 years of age) have approximately the same dosage requirements (mg/kg) as 
adults and may be managed the same way. Younger children (1 to 10 years of age) may require a slightly higher initial dose and 
may also require supplementation slightly more often than adults. Infants under one year of age but older than 7 weeks are 
moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 1/2 times as long to recover. See also 
subsection of PRECAUTIONS titled Pediatric Use. Information presently available does not permit recommendation on usage ift 
neonates (see PRECAUTIONS). There are insufficient data concerning continuous infusion of vecuronium in children, therefore, 
no dosing recommendation can be made. 
COMPATIBILITY: Norcuron® is compatible in solution with: 
0.9% NaCl solution Sterile water for injection 
5% glucose in water 5% glucose in saline 

Use within 24 hours of mixing with the above solutions 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration when- 
ever solution and container permit. ; 
HOW SUPPLIED: 
10 mL vials (10 mg vecuronium bromide) and 10 mL prefilled a of diluent (bacteriostatic water for injection, USP). 
22 g 1v4" needle. Boxes of 10 NDC No. 0052-0441- 
10 mL vials (10 mg vecuronium bromide) and 10 mL vials of diluent (bacteriostatic water for injection, USP). 
Boxes of 10 NDC No. 0052-0441-17 
10 mL vials (10 mg vecuronium bromide) only; DILUENT NOT SUPPLIED Boxes of 10 NDC No. 0052-0441-15 
20 mL vials (20 mg vecuronium bromide) only; DILUENT NOT SUPPLIED Boxes of 10 NDC No. 0052-0442-46 


STORAGE: 15°-30°C (59°-86°F). Protect from light. 

AFTER RECONSTITUTION: 

e When reconstituted with supplied bacteriostatic water for injection: CONTAINS BENZYL ALCOHOL, WHICH IS NOT 
INTENDED FOR USE IN NEWBORNS. Use within 5 days. May be stored at room temperature or refrigerated. 7 

e When reconstituted with sterile water for injection or other compatible I.V. solutions: Refrigerate vial. Use within 24 hours - 
Single use only. Discard unused portion. z 

Caution: Federal law prohibits dispensing without prescription. REVISED » ~ 

References 

1. Gallo JA, Cork RC, Puchi P. Comparison of effects of atracurium and vecuronium in cardiac surgical patients. Anesth Ane 

1988;67:161-165. 2. Basta SJ, Savarese JJ, Ali HH, et al. Vecuronium does not alter serum histamine within the clinical de: 

range. Anesthesiol. a pay ack 3. Norcuron® (vecuronium bromide) for injection package insert. 4. Kaufman JA, 

Dubois MY, Chen JC, Lea D. Pharmacodynamic effects of vecuronium: A dose response study. J Clin Anesth. 

1989: 1(6):434-439.5. Tracrium* Injection (atracurium besylate) package insert. 6. Scott RPF, Savarese JJ, Basta SJ, et al. 

Atracurium: Clinical strategies for preventing histamine release and attenuating the haemodynamic response. Br J Anaesth. 

1985;57:550-553. 
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THE ALFENTA 
ADVANTAGE 


“As with all potent opioids, 
appropriate postoperative 
monitoring should be employed 
to ensure that adequate 
spontaneous breathing Is 
established and maintained. 
The duration and degree of 
respiratory depression and 
increased alrway resistance 
usually Increase with dose, but 
have also been observed at 
lower doses. Because of the 
possibility of delayed respiratory 
depression, monitoring of the 
patient must continue well 
after surgery. 


Before prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 
DESCRIPTION: ALFENTA is a sterile, non-pyrogenic, preservative free aqueous solution containing alfentanil 
hydrochloride equivalent to 500 yg per mi of alfentanil base for intravenous injection. The solution, which contains 
sodium chloride for isotonicity, has a pH range of 4.0-6.0. 
CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) is contraindicated in patients with known hyper- 
sensitivity to the drug. 
WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE USE OF 
INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY EFFECTS OF 
POTENT OPIOIDS. AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD 
BE READILY AVAILABLE. BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING 
OF THE PATIENT MUST CONTINUE WELL AFTER SURGERY. ALFENTA (alfentanil hydrochloride) administered in 
initial dosages up to 20 g/kg may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence 
and severity of muscle rigidity is usually dose-related. Administration of ALFENTA at anesthetic induction dosages 
(above 130 g/kg) will consistently produce muscular rigidity with an immediate onset. The onset of muscular 
rigidity occurs earlier than with other opioids. ALFENTA may produce muscular rigidity that involves all skeletal 
muscles, including those of the neck and extremities. The incidence may be reduced by: 1) routine methods of 
administration of neuromuscular blocking agents for balanced opioid anesthesia; 2) administration of up to '/s of the 
full paralyzing dose of a neuromuscular blocking agent just prior to administration of ALFENTA at dosages up to 
130 pg/kg; following loss of consciousness, a full paralyzing dose of a neuromuscular blocking agent should be 
administered; or 3) simultaneous administration of ALFENTA and a full paralyzing dose of a neuromuscular blocking 
a when ALFENTA is used in rapidly administered anesthetic dosages (above 130 g/kg). The neuromuscular 
blocking agent used should be appropriate for the patient's cardiovascular status. Adequate facilities should be 
available for postoperative monitoring and ventilation of patients administered ALFENTA. It is essential that these 
facilities be fully equipped to handle all degrees of respiratory depression 
PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, 
arith AND HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE MONITORED 
INUOUSLY. 
General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly and 
debilitated patients. The effect of the initial dose should be considered in determining supplemental doses. In obese 
patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be determined on the basis 
of lean body weight. In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by 
appearance of delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients 
In patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA may be 
reduced and postoperative recovery may be prolonged. Induction doses of ALFENTA should be administered slowly 
(over three minutes). Administration may produce loss of vascular tone and hypotension. Consideration should be 
given to fluid replacement prior to induction a wee administered immediately prior to or in conjunction with 
high doses of ALFENTA may produce vasodilation, hypotension and result in delayed recovery. Bradycardia produced 
by ALFENTA may be treated with atropine. Severe bradycardia and asystole have been successfully treated with 
atropine and conventional resuscitative methods. The hemodynamic effects of a particular muscle relaxant and the 
degree of skeletal muscle relaxation required should be considered in the selection of a neuromuscular blocking 
var. Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. Administration of ALFENTA infusion 
should be discontinued at leas 10-15 minutes prior to the end of surgery. Respiratory depression caused by opioid 
analgesics can be reversed by opioid antagonists such as naloxone. Because the duration of respiratory depression 
produced by ALFENTA may last longer than the duration of the opioid antagonist action, appropriate surveillance 
should be maintained. As with all potent opioids, profound analgesia is accompanied by respiratory depression and 
diminished sensitivity to CO, stimulation which may persist into or recur in the postoperative period. Intraoperative 
hyperventilation may further alter postoperative response to CO.. Appropriate postoperative monitoring should be 
employed, particularly after infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing 
is established and maintained in the absence of stimulation prior to discharging the patient from the recovery area 
Head Injuries: ALFENTA may obscure the clinical course of patients with head injuries. 
impaired Respiration: ALFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or controlled 
respiration 
impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALFENTA 
Drag Interactions: Both the magnitude and duration of central nervous system and cardiovascular effects may 
be enhanced when ALFENTA is administered in combination with other CNS depressants such as barbiturates, 
tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory ee ae may be enhanced or 
ER by these agents. In such cases of combined treatment, the dose of one or both agents should be reduced. 
imited clinical experience indicates that requirements for volatile inhalation anesthetics are reduced by 30 to 50% 
for the first sixty (60) minutes following ALFENTA induction. The concomitant use of erythromycin with ALFENTA 


can significantly inhibit ALFENTA clearance and may increase the risk of prolonged or delayed respiratory depression. 


Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma clearance 
anc prolong decreas 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of ALFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats and the dominant lethal 
test in female and male mice revealed that single intravenous doses of ALFENTA as high as 20 mg/kg (approximately 
40 times the upper human dose) produced no structural chromosome mutations or induction of d minant lethal 
mutations. The Ames eee ee metabolic activating test also revealed no mutagenic activity. 
Pregnancy Category C: ALFENTA has been shown to have an embryocidal effect in rats and rabbits when given 
in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects could have been due 
to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration of 
the drug. No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 
There are no adequate and well-controlled studies in pregnant women. ALFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus 

Leber and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery. Placental 
transfer of the drug has been reported; therefore, use in labor and delivery is not recommended. 
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Alfenta 


alfentanil HCI) Injection & 


For moment-to-moment 
control of stress responses 


RAPID ONSET 


Rapidly blocks sympathetic 
responses to induction 
and intubation 


SHORT DURATION 


Results in quick recovery 
of consciousness* 


RAPID RECOVERY 


Postoperative respiratory 
depression is of short 
duration* 


Nursing Mothers: In one study of nine women undergoing post-partum tubal ligation, ost levels of 
ALFENTA were detected in colostrum four hours after administration of 60 g/kg of ALFENTA, with no detectable 
levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a nursing woman. 
Pediatric Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not presently 
available. 

ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscle rigidity, 
are extensions of known pharmacological effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS and 
PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity. Delayed at 
depression, preety! | arrest, bradycardia, asystole, arrhythmias and hypotension have also been reported. The 
reported incidences of adverse reactions listed in the following table are derived from controlled and open clinical 
trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved treatment comparisons 
with fentanyl, thiopental sodium, enflurane, saline placebo and halothane. Incidences are based on disturbing and 
nondisturbing adverse reactions reported. The comparative incidence of certain side effects is influenced by the 
type of use, eg., chest wall rigidity has a higher reported incidence in clinical trials of alfentanil induction, and by 

t 


e type of surgery, eg., nausea and vomiting have a higher incidence in patients undergoing gynecologic surgery. 


ALFENTA Fentanyl Thiopental Sodium Enflurane Halothane Saline Placebo" 


Percent (N=785) (N=243) (N=66) (N=55) (N= 18) (N=18) 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 11 9 13 17 
Cardiovascular 
Bradycardia 14 if 8 0 0 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 7 7 0 0 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 6 0 
Musculoskeletal 
Chest Wall 17 12 ) 0 0 0 
Rigidity 
Skeletal Muscle 6 2 5 2 0 0 
Movements 
Respiratory 
Apnea 7 0 0 0 0 0 
Postoperative 2 2 0 0 0 
Respiratory 
Depression 
CNS 
Dizziness 3 5 0 0 0 0 
Sleepiness/ 2 8 2 0 0 6 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 


*From two clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 


healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were: Laryngospasm, bronchospasm, 
postoperative confusion, headache, shivering, postoperative euphoria, hypercarbia, pain on injection, urticaria, and 
itching. Some degree of skeletal muscle rigidity should be expected with induction doses of ALFENTA 

DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule II controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abuse 
OVERDOSAGE: Overdosage would be manifested by extension of the pharmacological actions of ALFENTA 
(alfentanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. No experience of 
overdosage with ALFENTA was reported during clinical trials. The intravenous LDso of ALFENTA is 43.0-50.9 mg/kg 
in rats, 72.2-73.6 mg/kg in mice, 71.8-81.9 mg/kg in puree pigs and 59.5-875 mg/kg in dogs. Intravenous adminis- 
tration of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated for 
hypoventilation or apnea. If respiratory depression is associated with muscular rigidity, a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive agents may 
be required to manage hemodynamic instability. 

DOSAGE AND ADMINISTRATION: The dosage of ALFENTA (alfentanil hydrochloride) should be individualized in 
each patient according to body weight, physical status, underlying pathological condition, use of other drugs, and 
type and duration of surgical procedure and anesthesia. In obese patients (more than 20% above ideal total body 
weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dose of ALFENTA 
should be reduced in elderly or debilitated patients (see PRECAUTIONS). Vital signs should be monitored routinely 
Protect from light. Store at room temperature 15°-30° C (59°-86° F) 
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board examination. 


BREAKFAST MEETINGS: In addition, faculty from the host institutions offer participants 
small-group meetings covering case discussions. 


June 22-26, 1992 
Marriott Marquis Hotel 





Albert Einstein College of Medicine & Montefiore Medical Center 
3301 Bainbridge Avenue / Bronx, New York 10467 
To register by phone call 1-800-626-8519 
with vour VISA or MasterCard number. 
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New York City Update on All Anesthetic Agents Elizabeth A.M Frost, M.D 
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ANESTHESIOLOGY DEPARTMENT HEAD — 



























Texas A&M University Health Science Center is seeking 
candidates for HEAD OF THE DEPARTMENT OF 
ANESTHESIOLOGY in the College of Medicine. The 
Department is expanding its programs in research, clinical 
care, and medical education. The individual should meet the 
following criteria: 
1) Board Certification in Anesthesiology 
2) Demonstrated significant knowledge and experience 
in research, and possess the capability to develop 
and guide faculty members in this direction 
3) Experience and understanding of both the clinical 
aspects of Anesthesiology as a discipline and the 
requirements of Anesthesiology Residency 
Programs. Should manifest a significant interest 
in further developing the Graduate Medical Educa- 
tion Program in Anesthesiology in the College of 
Medicine 
4) Experience and demonstrable capabilities in ad- 
ministration and management of a department 
S) Commitment to strengthening existing departmental 
clinical programs 
Applications should consist of a curriculum vitae and names 
of at least three persons from whom letters of reference may 
be requested. 
Applications should be sent to: 
Dennis L. Myers, M.D. 
Associate Dean 
Chairman, Anesthesiology Head Search 


The American Board of Anesthesiology 
(ABA) will administer its written exam- 
ination for certification of CONTIN- 
UED DEMONSTRATION OF QUALI- 
FICATIONS on Saturday, May 15, 
1993, and Friday, October 1, 1993. Dip- 
lomates of the ABA who are interested 
in participating in the voluntary CDQ 
program may request an application by 
writing to the Secretary, American 
Board of Anesthesiology, 100 Constitu- 
tion Plaza, Hartford, Connecticut 
06103-1796. The deadline for receipt in 
the Board office of completed applica- 
tions for the May examination is No- 
vember 15, 1992. The deadline for re- 
ceipt of applications for the October 
examination is April 1, 1993. 
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Designed for anesthesia. 
Designed for epidurals. 
Designed for you. 








Pain 
Management 
Provider® 


Abbott 


© 1992, Abbott Laboratories 





Because Abbott PMP makes it easier 


by creating a dedicated, epidural programming 
sequence so intuitive it practically eliminates 
physician in-servicing. 


Because a dedicated system makes it better 


by devoting a single infusion device for a single 
infusion procedure. Abbott PMP for epidurals 
helps eliminate errors, minimizes disposables 
inventory, and makes every epidural procedure 
easier for everyone. 





Because it is what you expect 
from a leader in anesthesiology 


Abbott offers the industry’s most extensive 

line of anesthesia devices, drugs, administra- 

tion sets, and epidural trays available. And that 
means unparalleled system compatibility and 


| standardization, simplified inventory and 
‘ordering, product support, and single-source 
technical assistance. 


OOk into Abbott PMP. 


Designed just for you Abbott Laboratories 
. Hospital Products Division 
and your patients maa’ North Chicago, Illinois 60064 


The Abbott Pain Management Provider® Infusion System is recognized as a device for the administration of epidural anesthesia and analgesia. This indication is for short-term 
postsurgical epidural administration, not to exceed 96 hours, of the anesthetics lidocaine hydrochlorid@and chioroprocaine hydrochloride and the analgesic morphine sulphate 
injection preservative free. Caution: Federal (USA) law prohibits dispensing without prescription. 91-2024-Feb., 92 


— THE BEN COVINO RESEARCH AWARD — 


Applications for up to $10,000 dre invited for the 1993 Ben Covino Award, subject to 
the following basic conditions: 


è The proposal should primarily relate to the use of local anesthetics/regional 
anesthesia, specifically within the preclinical and explorative clinical research 
fields. 


@ Applications to the Covino Award Committee must be received in the LARS 
Cleveland office no later than November 20, 1992. Where relevant, applications 
must include institutional approval of human studies and/or animal research. 


© The official application for the Award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


International Anesthesia Research Society 
2 Summit Park Drive, Suite 140 
Cleveland, OH 44131 

USA 

Telephone: (216) 642-1124 


search Society held at the San Francisco 
Hilton. The Ben Covino Award has been 


The establishment of the Ben Covino Award 
was announced at the 1992 Annual Scientific 
Meeting of the International Anesthesia Re- 


BC/BE Anesthesiologists and CRNA’s 
to join group of 13 physicians and 8 
nurse anesthetists affiliated with 115 
physician, multi-specialty, free stand- 
ing clinic in beautiful northwest Arkan- 
sas. All types of anesthesia—excellent 
salary and benefits. Physicians eligible 
for full partnership after 2 years. For 
more information send resume or con- 
tact Josephine Decker, Associate Ad- 
ministrator, HOLT-KROCK CLINIC, 
1500 Dodson Avenue, Fort Smith, Ar- 
kansas 72901. Call toll free in Arkansas 
800-542-1092, surrounding states call 
toll free 800-643-2152, or call collect 
(501) 782-2071. 





instituted by Astra Pain Control, Sweden. 


Professor and Chief, Department of Anesthe- 
siology, Dallas Veterans Administration 
Medical Center, faculty: University of Texas 
Southwestern Medical Center. We seek an ex- 
perienced, university-based teacher-clinician- 
researcher with publication in peer-reviewed 
journals and proven ability to design and im- 
plement clinical and/or basic science research 
protocols. Must be eligible for Texas medical 
license, and be a Diplomate of the American 
Board of Anesthesiology. Must have demon- 
strated leadership and administrative skills nec- 
essary to organize a new department at a grow- 
ing regional VA Medical Center. 

Write to Paul F. White, Ph.D., M.D., who 
will assume Chair 7/1/92, c/o Department of 
Anesthesiology, University of Texas South- 
western Medical Center at Dallas, 5323 Harry 
Hines Blvd., Dallas, TX 75235-9068 (phone in 
St. Louis 314/362-1191, in Dallas 214/590-8508). 
send curriculum vitae, summary of proposed 
research, summary of professional goals, and 
three recommendation letters. 





An invitation for current subscribers! 


Bound volumes of 


ANESTHESIA 


| ANESTHESIA 

é EE ANESTHESIA 
| AMALGESA & 

: EE ANALGESIA 





Voume 72 E 
January-June , Votame 
m EE  irDeenbe 
. eserve your 1991 bound volumes now! As a special service to current E 1991 





subscribers only, ANESTHESIA & ANALGESIA is available 

in bound volumes, priced at $80.00 (US) and $100.00 (international). 

The two bound volumes for 1991 (volumes 72 and 73), are bound in buff 
buckram — the same high quality binding you would find in a library — with 
stamped lettering on the spine. These handsomely bound volumes include: 
è complete author and subject indexes ' ; 
è editorial content only, with all advertising removed l j 
è sturdy bindings for durable reference l 
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From now on, when you receive your regular monthly copy of : 1 
ANESTHESIA & ANALGESIA, don’t hesitate to tear out or mark up i , 
articles of particular interest — because your specially bound volumes will j 
include every issue in perfect condition, to help you keep your personal 

library complete, organized, and current. 


Reserve your 1991 bound volumes by returning the order form below. 


Clip and mail to Elsevier Science Publishing Co., Inc., P.O. Box 882, Madison Square Station, New York, NY 10159. 


[—---------------- [| ORDERFORM |--------------—- 


a Please send me bound volumes 72 and 73 for PAYMENT 
ANESTHESIA & ANALGESIA.* Both volumes Enclosed please find my: 
will be shipped together in 1992 for a total cost of O personal check [C] bank draft 
$80.00. 
Please charge to: 
Outside the U.S., please add $20.00 for postage and 
handling. C VISA (J) American Express 
[_] MasterCard (issuing bank #_- _ ) 
Card # CE pire 


a Please start my annual standing order to receive bound ee 
volumes of ANESTHESIA & ANALGESIA. Two aad : 
bound volumes will be shipped together automatically | | Please bill me. (Postage and handling will be added to order.) 
at the end of each year. Name 


Address 
*Offer available only for subscribers to City/State/Zip or Postal Code 
ANESTHESIA & ANALGESIA. 
Please allow 4-6 weeks for receipt 
of your bound volumes. 


Country 





Please return to: For faster service, call or fax today to place your order: 


Elsevier Science Publishing Co., Inc. | Sr epyt py No.: - 
Isevier Science Publishing Co., Inc. | 5) SEVIER Tel. No (212) 633-3950 XIGK 


ae scsceremuisune | rar No.: (212) 633-3990 10/91 
adison Square Station 
New York, NY 10159 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
IARS 67TH CONGRESS 


Friday, March 19 through Tuesday, March 23, 1993 
San Diego Marriott Hotel & Marina, San Diego, California 





The Program Committee for the [ARS 67th Congress cordially invites submission of abstracts 
for consideration as oral or poster presentations at the 1993 meeting in San Diego. The official 
abstract application and transmittal forms are available from the Cleveland office of the IARS: 


International Anesthesia Research Society 
2 Summit Park Drive, Suite 140 
Cleveland, OH 44131, USA 

Telephone: (216) 642-1124 

Fax: (216) 642-1127 


Please note the absolute deadline for receipt of completed applications is July 31, 1992. 
Please request forms promptly—either by calling the telephone number above or returning 
the form below. 


International Anesthesia Research Society 
2 Summit Park Drive, Suite 140 
Cleveland, OH 44131 


Please send abstract submission packet(s) for the [ARS 67th Congress to: 





Name: 


Mail Address: 


It'Took Millions Of Years To Develop 
is Guidance System. 





Youll Appreciate Its Accuracy In Seconds. 


Only SmartNeedle guides your needle straight to its mark with the speed of sound. 
Whether your target is a femoral, subclavian or internal jugular vessel, you'll be able 


to distinguish arteries from veins by the sounds SmartNeedle transmits. yg 


Continuous auditory feedback helps you locate the vessel with pinpoint accuracy, 





‘puncture it and optimize the needle position within the vessel. 
Proven Doppler technology helps your needle find its target quickly while minimizing 
trauma and complications associated with multiple punctures. Therefore, less time is spent 
| a in preparation and patient care can begin without unnecessary delay. <M 
It’s easy to see, and hear, why SmartNeedle is essential in the OR, ER, ICU, specials and cath 
labs. And using it is as easy as it sounds. 
KAP GP What’s more, our dedicated service and support are your assurance that it will always be a 
device you can rely on. 


For more information, call us today at 800-548-1994. And get Sma rtNeedle si 


your hands on the technological alternative to flying blind. Pinpoint Accuracy With The Speed Of Sound.” 


Peripheral Systems Group 








The npes bs 


Peripheral Systems Group is a division of ACS® a wholly owned subsidiary of Eli Lilly and Company, offering leading-edge technology 
supported by the resources of a major health care and pharmaceutical organization 
Call 800-548-1994 for more information or to request a demonstration 


SmartNeedle Vascular Access Guidance System designed in conjunction with Paul G. Yock, M.D 


United States, 4,887,606. Other U.S. and foreign patents pending. 


This product is intended for use by or under the direction of a physician. Prior to use, it is important to read the package insert thoroughly 
for instructions on use, warnings and potential complications associated with the use of this device. Manufactured under the Lae patent: 
©1992 Peripheral Systems Group 
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Pinpoint Accuracy With The Speed Of Sound.™ 
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Sies GTO 
A Division of ACS® 1395 Charleston Road, Mountain View, CA 94043 800-548-1994 
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MIVAGRO N Zomi 


‘(mivacurium chloride) 


Please see full prescribing information 





New 


MIVACRON Siom 
mivacurium chloride 
Short duration, fast recovery 


MIVACRON® INJECTION 
MIVACRON® PREMIXED INFUSION 


(MIVACURIUM CHLORIDE) 


This drug should be administered only by adequately trained individuals familiar with its actions, characteristics, 
and hazards. 


DESCRIPTION: MIVACRON (mivacurium chloride) is a short-acting, nondepolarizing skeletal muscle relaxant 
for intravenous administration. Mivacurium chloride is [A-[A" ,A*-(E)}}-2,2’-[(1,8-dioxo-4-octene- 1 ,8-diyl)bis(oxy- 
3,1-propanediyl)|bis[ 1 ,2,3,4-tetranydro-6, 7-dimethoxy-2-methyl-1-[(3,4,5-trimethoxypheny!)methy!isoquinolinium] 
dichloride. The molecular formula is CsgHgoCl2N2014 and the molecular weight is 1100.18. The structural formula 
is: 


CH30 OCH; 
+ N + 
Si I| | I 
a he yy (CH2)3O0CCH2CH2C =ecH;cHa ocha OCH3 
CH2 l CH? 
e 2c!” 
CH30 OCH; CH30 OCH; 


OCH3 OCH; 

The partition coefficient of the compound is 0.015 in a 1-octanol/distilled water system at 25°C. 

Mivacurium chloride is a mixture of three stereoisomers: (1R, 1'R, 2S, 2’S), the trans-trans diester; (1R, 1 RF, 
2R, 2'S), the cis-trans diester; and (1R, 1R, 2A, 2'R), the cis-cis diester. The trans-trans and cis-trans stereoisomers 
comprise 92% to 96% of mivacurium chloride and their neuromuscular blocking potencies are not significantly 
different from each other or from mivacurium chloride. The cis-cis diester has been estimated from studies in 
cats to have one-tenth the neuromuscular blocking potency of the other two stereoisomers. 

MIVACRON Injection is a sterile, non-pyrogenic solution (pH 3.5 to 5.0) containing mivacurium chloride 
equivalent to 2 mg/mL mivacurium in Water for Injection. Hydrochloric acid may have been added to adjust pH. 
MIVACRON Premixed Infusion is a sterile, non-pyrogenic solution (pH 3.5 to 5.0; 260 mOsmol/L-measured) 
containing mivacurium chloride equivalent to 0.5 mg/mL mivacurium in 5% Dextrose Injection USP. Hydrochloric 
acid may have been added to adjust pH. 


CLINICAL PHARMACOLOGY: MIVACRON (a mixture of three stereoisomers) binds competitively to 
cholinergic receptors on the motor end-plate to antagonize the action of acetylcholine, resulting in a block of 
neuromuscular transmission. This action is antagonized by acetylcholinesterase inhibitors, such as neostigmine. 


Pharmacodynamics: The time to maximum neuromuscular block is similar for recommended doses of 
MIVACRON and intermediate-acting agents (e.g., atracurium), but longer than for the ultra-short-acting 
agent, succinylcholine. The clinically effective duration of action of the stereoisomers in MIVACRON (a 
mixture of three stereoisomers) is one-third to one-half that of intermediate-acting agents and 2 to 2.5 times 
that of succinylcholine. 

The average EDss (dose required to produce 95% suppression of the adductor pollicis muscle twitch response 
to ulnar nerve stimulation) of MIVACRON is 0.07 mg/kg (range: 0.06 to 0.09) in adults receiving opioid/nitrous 
oxide/oxygen anesthesia. The pharmacodynamics of doses of MIVACRON >EDss administered over 5 to 15 seconds 
during opioid/nitrous oxide/oxygen anesthesia are summarized in Table 1. The mean time for spontaneous recovery 
of the twitch response from 25% to 75% of control amplitude is about 6 minutes (range: 3 to 9, n=32) 
following an initial dose of 0.15 mg/kg MIVACRON and 7 to 8 minutes (range: 4 to 24, n=85) following initial 
doses of 0.20 or 0.25 mg/kg MIVACRON. 

Volatile anesthetics may decrease the dosing requirement for MIVACRON and prolong the duration of 
action; the magnitude of these effects may be increased as the concentration of the volatile agent is 
increased. Isoflurane and enflurane (administered with nitrous oxide/oxygen to achieve 1.25 MAC [Minimum 


Alveolar Concentration]) may decrease the effective dose of MIVACRON by as much as 25%, and may prolong 
the clinically effective duration of action and decrease the average infusion requirement by as much as 
35% to 40%. At equivalent MAC values, halothane has little or no effect on the EDso of MIVACRON, but may 
prolong the duration of action and decrease the average infusion requirement by as much as 20% (see 
Individualization of Dosages subsection of CLINICAL PHARMACOLOGY and Drug Interaction subsection 
of PRECAUTIONS). 
Table 1 
Pharmacodynamic Dose Response During Opioid/Nitrous Oxide/Oxygen Anesthesia 


Time to Spontaneous Recovery’ 
Initial Time to 


MIVACRON Maximum 5% 25% 
Dose Block’ Recovery | Recovery’ 
(mg/kg) (min) (min) 
Adults 
0.07t00.10 [n=47] 
0.15 [n=50] 


[n=50] 
: (19-56) 
[n=48] 9 43 
(22-64) (26-75) 
Children 2 to 12 Years 
0.11t00.12 [n=17] ; = 


0.20 [n=18] 7 19 16 


(14-26) 


(12-23) 
0.25 [(n=9] 7 = = 





Values shown are medians of means from individual studies (range of individual patient values). 

2Clinically effective duration of neuromuscular block. 

3Data available for as few as 40% of adults in specific dose groups and for 22% of children in the 0.20 mg/kg 
dose group due to administration of reversal agents or additional doses of MIVACRON prior to 95% 
recovery or T4/T; ratio recovery to >75%. 


Administration of MIVACRON over 60 seconds does not alter the time to maximum neuromuscular block or the 
duration of action. The duration of action of the stereoisomers in MIVACRON may be prolonged in patients with 
reduced plasma cholinesterase (pseudocholinesterase) activity (see Reduced Plasma Cholinesterase 
Activity subsection of PRECAUTIONS and Individualization of Dosages subsection of CLINICAL 
PHARMACOLOGY). 

Interpatient variability in duration of action occurs with MIVACRON as with other neuromuscular blocking agents. 
However, analysis of data from 224 patients in clinical studies receiving various doses of MIVACRON during 
opioid/nitrous oxide/oxygen anesthesia with a variety of premedicants and varying lengths of surgery 
indicated that approximately 90% of the patients had clinically effective durations of block within 8 minutes of 
the median duration predicted from the dose-response data shown in Table 1. Variations in plasma 
cholinesterase activity, including values within the normal range and values as low as 20% below the lower limit 
of the normal range, were not associated with clinically significant effects on duration. The variability in duration, 
however, was greater in patients with plasma cholinesterase activity at or slightly below the lower limit of the 
normal range. 

A dose of 0.15 mg/kg (2 x EDgs) MIVACRON administered during the induction of thiopental/opioid/nitrous 
oxide/oxygen anesthesia produced generally good-to-excellent conditions for tracheal intubation in 2.5 
minutes. Doses of 0.20 and 0.25 mg/kg (3 and 3.5 x EDss) yielded similar conditions in 2.0 minutes. 
Repeated administration of maintenance doses or continuous infusion of MIVACRON for up to 2.5 hours is not 
associated with development of tachyphylaxis or cumulative neuromuscular blocking effects in ASA Physical 
Status I-II patients. Limited data are available from patients receiving infusions for longer than 2.5 hours. Spontaneous 
recovery of neuromuscular function after infusion is independent of the duration of infusion and comparable 
to recovery reported for single doses (Table 1). 

The neuromuscular block produced by the stereoisomers in MIVACRON is readily antagonized by anticholinesterase 
agents. As seen with other nondepolarizing neuromuscular blocking agents, the more profound the 
neuromuscular block at the time of reversal, the longer the time and the greater the dose of anticholinesterase 
agent required for recovery of neuromuscular function. 

In children (2 to 12 years), MIVACRON has a higher EDos (0.10 mg/kg), faster onset, and shorter duration of 
action than in adults. The mean time for spontaneous recovery of the twitch response from 25% to 75% of control 
amplitude is about 5 minutes (n=4) following an initial dose of 0.20 mg/kg MIVACRON. Recovery following reversal 
is faster in children than in adults (Table 1). 


Hemodynamics: Administration of MIVACRON in doses up to and including 0.15 mg/kg (2 x EDs) over 5 to 
15 seconds to ASA Physical Status l-Il patients during opioid/nitrous oxide/oxygen anesthesia is associated 
with minimal changes in mean arterial blood pressure (MAP) or heart rate (HR) (Table 2). 


Table 2 
Cardiovascular Dose Response During Opioid/Nitrous Oxide/Oxygen Anesthesia 


% of Patients With >30% Change 





















Initial 
MIVACRON 
Dose 
(mg/kg) 





Adults 





0.07 to 0.10 [n=49] 
0.15 [n=53] 
0.20 [n=53] 


0.25 


Children 2 to 12 years 

0.11 to 0.12 (n=17] 
0.20 [n=17] 
0.25 


Higher doses of >0.20 mg/kg (23 x EDg5) may be associated with transient decreases in MAP and increases 
in HR in some patients. These decreases in MAP are usually maximal within 1 to 3 minutes following the dose, 
typically resolve without treatment in an additional 1 to 3 minutes, and are usually associated with increases 
in plasma histamine concentration. Decreases in MAP can be minimized by administering MIVACRON over 
30 or 60 seconds (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY and 
General subsection of PRECAUTIONS). 

Analysis of 426 patients in clinical studies receiving initial doses of MIVACRON up to and including 0.30 mg/kg 
(.e., 2 times the recommended intubating dose) during opioid/nitrous oxide/oxygen anesthesia showed that 
high initial doses and a rapid rate of injection contributed to a greater probability of experiencing a decrease 
of > 30% in MAP after MIVACRON administration. Obese patients also had a greater probability of experiencing 


a decrease af 230% in MAP when dosed on the basis of actual body weight, thereby racelying a larger dose 
than dosed on the basis of ideal body weight (seo individualization of Dosages subsection of CLINICAL 
PHARMACOLOGY and the General subsection of PRECAUTIONS). 


Chidran experience minimal changes in MAP or HR after administration of MIVACRON doses up to and including 
0.20 mg/kg over 5 to 15 sacands, but higher doses (20.25 mg/kg) may be asaockated with transient decreases 
in MAP (Table 2). 

Following a dose of 0.15 mg/kg MIVACRON administered over 60 seconds, adult patients with significant 
caniovescular disease undergoing coronary artary bypass grafting or valve replacement procedures showed 
no clinically Important changes In MAP or HR. Transient decreases in MAP were cbhsarved in some patients 
after doses af 0.20 to 0.25 mg’kg MIVACRON administered over 80 seconds. The numer of pafients [n whom 
these decreases in MAP required treatment was smal 


Pharmacokinetics: Table 3 deacribes the rosulls from a study of 9 ASA Physical Status Hi adult patients (31 
to 48 years) receiving an infusion of MIVACRON al 5 j.9/kg/min for 60 minutes folowed by 10 yg/kg/min for 
60 minutes, MIVACRON fs a midure of bomers which do not Interconvert in wo. The mivecuium pharmacokinetic 
parameters preeanted in Tabie 3 were determined using a stereospecific assay. The two more potent 
homers, Cis-irans (36% of the mixture) and trans-trans (57% of the mixture), have very high clearances that 
exceed cardiac output reflecting the extensive metabolism by plasma chollnesterase. The volume of 
distribution is relatively small, reflecting imited tissue distribution secondary to che polarity and large 
molecular weight of mivacurum. The combination of high metabolic clearance and low distribution volume results 
In tha short efmination half-ffe of approximately 2 minutes for the two active Isomers. The short efimination halt- 
ives anc high metabolic clearances of the active bomers are consistent with the short duration of action of 
MIVACRON. The steady-state concentrations of the cis-irans and trans-trans teomers doubled after the 
Infusion rate was Increased from 5 to 10 jig/kg/min, indicating that thelr pharmacokinetics are dose- 
proportional. 


Table 3 
Starealsomer Pharmacokinetic Parameters’ of MIVACRON In ASA Physical Status 1-1 
Adult Patients’ [n=9] During OpiokV/Nitrous Oxkde/Oxygen Anesthesia 


Paramotor ~trane-irans cis-trans 
leomer omer 

Elenination Had-life 2.3 2.1 
(typ, min} {1.4-3.8} (0.84.8) 
Volums of 0.15 0.27 
Distribution (Likg) (0.08-0.24) (0.08-0.58) 
Plasma Clearance 99 
(mL/min‘kg) (52-230) 


Values shown are mean (range). 
2Ages 31 to 48 years. 


The cis-cis komer (6% of the mixture} has approximately one-tenth the neuromuscular blocking potency of the 
trans-trans and cis-trens isomers in cats. In the nine patients shown In Tabie 3, the volume cf distribution of 
the cis-cis isomer averaged 0.31 Likg (range: 0.18-0.48}, the clearance averaged 4.2 mL/min‘kg (range: 2.4- 
5.4), and the hall-fe averaged 55 minutes (range: 32-102). The neuromuscular blocking potency of the cis- 
is bomer In humans has not been established; however, modeling of clinical pharmacokinefic-phammacodynamic 
data suggests that the cfs-cls isomer produces minimal (<5%) neuromuscular block during a two-hour 
infusion. In studies In which infusions of up to 2.5 hours were administered to ASA Physical Status HI 
patents, the 25%-75% recovery timas were Indapandent of the duration of infuslon, suggesting that the cts- 
cis isomer does not contribute significant neuromuscular block during use for up bo 2.5 hours. Limited data are 
evellabie from infusions of longer duration or from patients with compromised efiminat on capacities (hepatic 












_ oF renal failure). 
`- Matabolem and Excretion: Enzymatic hydrolyais by pesma cholinesterase is the primary machanism for hachein 


of maivacurium and yleids a quatemery alcohol and a qualemery moncastar metabolite. Ranai and biliary excretion 
of unchanged mivacurtum are minor elimination pathways; urine and bie are inportant elimination pathways 
for the two metabolles. Tests in which these hwo metabolites were administered to cats and dogs suggest that 
each metabolite is unlikely to produce cilnically significant neuromuscular, autonomic, or cardiovascular 
affects folowing administration of MIVACRON. 


Spectal Populations: The pharmacokinetics of mivacurium isomers has not bean studied in the elderty or in 
patients with renal or hepatic disease using a stereospecific assay. The non-stereospeciic, total mvacurium 
assay used in pharmacokinetic-pharmacodynamic studies in these populations provided preliminary evidence 
that reduced clearance of one or more isomers k responsible for the longer duration of action of MIVACRON 
seon in patients wilh end-stage kidney or liver disease. The data did not provide a pharmacokinetic explanation 
for the 15-20% longer duration of block sean in the ekierly. Tables 4 and 5 summarize che 

results in thase special populations as compared with young adults {ages 18 to 49 years). No data are 
available from patients with kiiney or fiver disease not requiring transplantation. 


Table 4 
Pharmacodynamic Parameters of MIVACRON In ASA Physical Status Hi 
Young Adult Patlents and Elderly Patients During Isofturana/Nitrous Oxida‘Oxygen Anesthesla 


Young Adult Patients 
(18-49 years) 


Elderty Patients 
(88-77 years) 


initial Doee 0.10 mgkg 0.25 mg% 6.10 mgkg 
[n=8] {n=9] [n8] 

Maximum Block 88 100 99 

(%) (83-100) (100-100) (95-100) 
42 1.7 4.8 


(2.0-8.0) (1.3-2.5) (3.0-7.0) 


17 27 20 
(9-29) (18-34) (14-28) 


Values shown are mean (range). 
Time trom injection to 25% recovery of the control twitch height. 


Renal: The clinically affective duration of action of 0.15 mg/kg MIVACRON was about 1.5 times longer in patients 


with end-stage kidney disease than in healthy patients, presumably dus to reduced clearance of one or more 


Hepatic: The clinically effective duration of action of 0.15 mg/kg MIVACRON was hree times longer In 
patients with end-stage Iver disease than In healthy patients and is likely related to the markedly decreased 


plasma cholinesterase activity (30% of healthy patient values) which coukl decrease the clearance of one or 
mora komers (see Reduced Plasma Cholinesterase Activity subsection of PRECAUTIONS). 


Clinically 
Duration of Block {min} 





- Table5 . 
Pharmacodynamic Parameters’ of MIVACRON in ASA Physical Status HE Patients and in Patients 
- Undergoing Kidney or Liver Transplantation During Isoflurana/Nitrous Oxide/Oxygen Anesthesia 


Parameter Young Adul Kidnew Transplant , ranspiant 
. Patents Patients Patients? 
60 
2.3 








Liver T 

initiat Dose 0.15 mgkg 0.15 mgvkg 0.15 mg/kg 
[n=8] [n=8] [T=] 

Maximum Block 89.8 100 $ 
{%) (98-100) {130-100} {100-100} 
Time to Maximum Block 1.9 2.6 
(min) (0.8-3.5) (1.0-4.5) (1.0-4.0) 
Clinically Effacthre 19 30) 57 


1Values shown are mean (range). 
ĉTime from infection to 25% recovery of the contro! twitch height. 
Liver transplant patients received isoflurane without nitrous oxide. 


individualization of Dosages: DOSES OF MIVACRON SHOULD BE INDIVIDUALIZED AND A PERIPHERAL 
NERVE STIMULATOR SHOULD BE USED TO MEASURE NEUROMUSCULAR FUNCTION DURING 
MIVACRON ADMINISTRATION IN ORDER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOR 
ADDITIONAL DOSES, AND CONFIRM RECOVERY FROM NEUROMUSCULAR BLOCK. 


Based on the known actions of MIVACRON (a mbdure of three stereoisomers) and other neuromuscular blocking 
agente, the following factors should be considered when administering MIVACRON: 


Renal or Hepatic impairment: A dosa of 0.15 mgg MIVACRON is recommended for taciitation of tracheal intubation 
in patients with renal or hepatic impairment. However, the clinically affective duration of block produced by this 
dosa fe about 1.5 times longer in patients with end-stage kidney disease and about 3 times longer in patients 
with ond-etage livar disease than in patients with normal renal anc hepatic function. Infusion rates should be 
decreased by ae much as 50% in these patients depending on the degree of renal or hepatic impairment (sse 
Renal and Hepatic Disease subsaction of PRECAUTIONS). 

Reduced Pissma Cholinesterase Activity: The possibility of p-olonged neuromuscular block following 
administration of MIVACRON must be considered in patients with reduced plasma cholinesterase 
(pseudocholinesterase) activity. MIVACRON should be used with great caution, If at all, in patients known or 
suspected of being homozygous for the atypical plasma cholinesterase gens (see WARNINGS). Doses of 0.03 
mkg produced complete neuromuscular block for 26 to 128 minutes in thrae such patients; thus initial doses 
greater than 0.03 mg/kg are not recommended in homozygous patients. Infusions of MIVACRON are not 
recommended in homozygous patients, 


MIVACRON has been used safely in patients heterozygous for the atypical plasma cholinesterase gene and 
in genotypically norma! patients with reduced plasma cholinesterase activity. Afler recommended 

doses of MIVACRON, the clinically effective duration of block in heterozygous patients may be approximately 
10 minutes longer than in patienis with normal genotype and normal plasma cholinesterase activity. Lower 
MIVACRON infusion rates are recommended in these patients {s00 Reduced Plasma Cholinesterase 
Activity subsection of PRECAUTIONS). 


Drugs or CondFions Causing Potentiation of or Resistance to Neuromuscular Block: As with other neuromuscular 
blocking agers, MIVACHON may have profound neuromuscular block.ng effacts in cachectic or debiltated patients, 
patients with neuromuscular diseases, and patients with carcinomatosis. In these ar other patients In whom 
poteritiaiion of neuromuscutar block or difficulty with reversal may be anticipated, the recommended Initia dose 
should be decreased. A test dose of not mora than 0.015-0.020 mg/kg, which represents the lower end of the 
dose-response curve for MIVACRON, Is recommended In such patients (sae Genaral subsection of 
PRECAUTIONS}. 


The neuromuscular blocking action of the stereoisomers in MIVACRON le potentiated by isoflurane or 
enflurane anesthesia. The recommended iniia! MIVACRON dose of 3.15 mg/kg may be used for intubation prior 
to the adiminisiralion of these agantas. E MIVACRON is frst administered after esiabishment ol stabie-ctate sollurane 
or enflurane snecthesla (administered with nitrous axidefoxygen fo achieve 1.25 MAC), the iniiai MIVACRON 
dose should be reducad by as much as 25%, and the infusion rale reduced by as much as 35% to 40%. A greater 
potantiatton of the neuromuscular blocking action of the stereolsomers In MIVACRON may be expected with 
higher concentrations of enflurane or lsofiurane. The use of halothane requires no adjustment of the Initial dose 
of MIVACRON, but may prolong the duratton of action and decrease the average Infusion rate by as much as 
20% (see Drug Interactions subsection of PRECAUTIONS). 


When MIVAGRON is administered to patients recetving cartain antibiotics, magnesium salts, Bhan, local anesthetics, 
procainamide and quinidins, longer durations of neuromuscular block may be expected and Infusion 
requirements may be lower (see Drug interactions subsection of PRECAUTIONS). 

When MIVACRON is adminisiered to patients chronically receiving phenytoin or carbamazepine, slightly shorter 
durations of neuromuscular block may be anticipated and infusion rale requirements may be higher {ses Drug 
interactions subsection of PRECAUTIONS), 

Severe acid-base and/or electrolyte abnormalities may potentiate or cause resistance to the neuromuscular 
blocking action of the stereoisomers In MIVACRON. No data are available In such patients and no dosing 
recommendations can be made (see General subsection of PRECAUTIONS), 

Bums. While patients with bums are known to develop resistance to nondepolarizing neuromuscular blocking 
agents, they may also have reduced plasma chodnesienase aciivity. Consequentty, In these patients, a test dose 
of not more than 0.075-0.020 mg/kg MIVACRON Is recommended, foltowed by additional appropriate desing 
guided by the use of a neuromuscular block monitor {sea General subsection of PRECAUTIONS). 
Cardiovascular Disease: in patients with clinically significant cardiovascular disease, the initial dose of 
MEVACRON should be 0.15 moka or lesa, administered over 80 soconds (see Hemodynamics subsection of 
CLINICAL PHARMACOLOGY and Ganeral subsection of PRECAJTIONS)}. 


Obesity: Obese patients (patients walghing 230% more than their idee! body weight) dosed on the besis of actual 
body weight, thereby receiving a larger dose fhan If dosed on the basis cf Ideal body weight, had a groaler probability 
of experiencing a decrease of 230% In MAP (see Hamodynamics ssbeection of CLINICAL PHARMACOLOGY 
and General subsection of PRECAUTIONS). Therefore, in obese patients, the initial dose should ba 


determined using the patlant’s idea! body weight (IBW), according to the following formulae: 


Man: IBW In kg = [106 + (6 x inches in height above 5 feat)72.2 
Women: IBW In kg = [100 + (5 x Inches in height above 5 feet} y2.2 


Alergy and Sensitivity. In patients with any history suggestive of a greater sensitivity to the release of 
histamine or related mediators (e.g, asthma), the inffial dose of MIVACHON should be 0.15 mg/kg or less, 
administered over 60 seconds (see General subsection of PRECAUTIONS). 


INDICATIONS AND USAGE: MIVACRON Is a short-acting neu-omuscular blocking agent indicated for 
Inpatients and outpatients, as an adjunct to general anesthesia, to facilitate tracheal intubation and to 
provide skeletal muscte relaxation during surgery or mechanical ventilation. 


CONTRAINDICATIONS: MVACRON is contraindicated in patients known to have an allergic hypersensitivity 
to mivacurtum chloride or other banzylisoquinofinium agents, as manifested by reactions such as urticaria or 
sevara respiratory distress or hypotension. Use of MIVACRON fram ir utti-dosa viale Is contraindicated in patents 
with a known allergy to benzyl alcotiol. 


WARNINGS: MIVACRON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG’S ACTIONS 
AND THE POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS PERSONNEL AND FACILITIES FOR RESUSCITATION AND LIFE SUPPORT (TRACHEAL 
INTUBATION, ARTIFICIAL VENTILATION, OXYGEN THERAPY), AND AN ANTAGONIST OF MIVACRON ARE 
IMMEDIATELY AVAILABLE. IT IS RECOMMENDED THAT A PERIPHERAL NERVE STIMULATOR BE 
USED TO MEASURE NEUROMUSCULAR FUNCTION DURING THE ADMINISTRATION OF MIVACRON IN 
ORDER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOR ADDITIONAL DRUG, AND CONFIRM 
RECOVERY FROM NEUROMUSCULAR BLOCK. 


MIVACRON HAS NO KNOWN EFFECT ON CONSCIOUSNESS, PAIN THRESHOLD, OR CEREBRATION. TO 
AVOID DISTRESS TO THE PATIENT, NEUROMUSCULAR BLOCK SHOULD NOT BE INDUCED BEFORE 
UNCONSCIOUSNESS. 

MIVACRON IS METABOLIZED BY PLASMA CHOLINESTERASE AND SHOULD BE USED WITH GREAT 
CAUTION, IF AT ALL, IN PATIENTS KNOWN TO BE OR SUSPECTED OF BEING HOMOZYGOUS FOR THE 
ATYPICAL PLASMA CHOLINESTERASE GENE. 

MIVACRON Injection and MIVACRON Premixed Infusion are acidic (pH 3.5 to 5.0) and may not be compatible 
with alkaline solutions having a pH greater than 8.5 (e.g., barbiturate solutions). 


PRECAUTIONS: 

General: Although MIVACRON (a mixture of three stereoisomers) is not a potent histamine releaser, the possibility 
of substantial histamine release must be considered. Release of histamine is related to the dose and speed 
of injection. 

Caution should be exercised in administering MIVACRON to patients with clinically significant cardiovascular 
disease and patients with any history suggesting a greater sensitivity to the release of histamine or related mediators 
(e.g., asthma). In such patients, the initial dose of MIVACRON should be 0.15 mg/kg or less, administered over 
60 seconds; assurance of adequate hydration and careful monitoring of hemodynamic status are important (see 
Hemodynamics and Individualization of Dosages subsections of CLINICAL PHARMACOLOGY). 

Obese patients may be more likely to experience clinically significant transient decreases in MAP than non- 
obese patients when the dose of MIVACRON is based on actual rather than ideal body weight. Therefore, in 
obese patients, the initial dose should be determined using the patient's ideal body weight (see Hemodynamics 
and Individualization of Dosages subsections of CLINICAL PHARMACOLOGY). 

Recommended doses of MIVACRON have no clinically significant effects on heart rate; therefore, MIVACRON 
will not counteract the bradycardia produced by many anesthetic agents or by vagal stimulation. 
Neuromuscular blocking agents may have a profound effect in patients with neuromuscular diseases (e.g., myasthenia 
gravis and the myasthenic syndrome). In these and other conditions in which prolonged neuromuscular 
block is a possibility (e.g., carcinomatosis), the use of a peripheral nerve stimulator and a dose of not more than 
0.015-0.020 mg/kg MIVACRON is recommended to assess the level of neuromuscular block and to monitor 
dosage requirements (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). 
MIVACRON has not been studied in patients with burns. Resistance to nondepolarizing neuromuscular 
blocking agents may develop in patients with burns, depending upon the time elapsed since the injury and the 
size of the burn. Patients with burns may have reduced plasma cholinesterase activity which may offset this 
resistance (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). 


Acid-base and/or serum electrolyte abnormalities may potentiate or antagonize the action of neuromuscular 
blocking agents. The action of neuromuscular blocking agents may be enhanced by magnesium salts 
administered for the management of toxemia of pregnancy (see Individualization of Dosages subsection of 
CLINICAL PHARMACOLOGY). 


No data are available to support the use of MIVACRON by intramuscular injection. 


Renal and Hepatic Disease: The possibility of prolonged neuromuscular block must be considered when MIVACRON 
is used in patients with renal or hepatic disease (see Pharmacokinetics subsection of CLINICAL PHARMACOLOGY). 
Most patients with chronic hepatic disease such as hepatitis, liver abscess, and cirrhosis of the liver exhibit a 
marked reduction in plasma cholinesterase activity. Patients with acute or chronic renal disease may also show 
a reduction in plasma cholinesterase activity (see Individualization of Dosages subsection of CLINICAL 
PHARMACOLOGY). 


Reduced Plasma Cholinesterase Activity: The possibility of prolonged neuromuscular block following 
administration of MIVACRON must be considered in patients with reduced plasma cholinesterase 
(pseudocholinesterase) activity. 


Plasma cholinesterase activity may be diminished in the presence of genetic abnormalities of plasma 
cholinesterase (e.g., patients heterozygous or homozygous for the atypical plasma cholinesterase gene), pregnancy, 
liver or kidney disease, malignant tumors, infections, burns, anemia, decompensated heart disease, peptic ulcer, 
or myxedema. Plasma cholinesterase activity may also be diminished by chronic administration of oral 
contraceptives, glucocorticoids, or certain monoamine oxidase inhibitors and by irreversible inhibitors of plasma 
cholinesterase (e.g., organophosphate insecticides, echothiophate, and certain antineoplastic drugs). 


MIVACRON has been used safely in patients heterozygous for the atypical plasma cholinesterase gene. At doses 
of 0.10 to 0.20 mg/kg MIVACRON, the clinically effective duration of action was 8 to 11 minutes longer in patients 
heterozygous for the atypical gene than in genotypically normal patients. 

As with succinylcholine, patients homozygous for the atypical plasma cholinesterase gene (1 in 2500 patients) 
are extremely sensitive to the neuromuscular blocking effect of MIVACRON. In three such adult patients, a small 
dose of 0.03 mg/kg (approximately the ED10.20 in genotypically normal patients) produced complete 
neuromuscular block for 26 to 128 minutes. Once spontaneous recovery had begun, neuromuscular block in 
these patients was antagonized with conventional doses of neostigmine. One adult patient, who was 
homozygous for the atypical plasma cholinesterase gene, received a dose of 0.18mg/kg MIVACRON and exhibited 
complete neuromuscular block for about 4 hours. Response to post-tetanic stimulation was present after 4 hours, 
all four responses to train-of-four stimulation were present after 6 hours, and the patient was extubated after 
8 hours. Reversal was not attempted in this patient. 


Malignant Hyperthermia (MH): In a study of MH-susceptibie pigs, MIVACRON did not trigger MH. MIVACRON 
has not been studied in MH-susceptible patients. Because MH can develop in the absence of established triggering 
agents, the clinician should be prepared to recognize and treat MH in any patient undergoing general 
anesthesia. 


Long-Term Use in the Intensive Care Unit (ICU): No data are available on the long-term use of MIVACRON 
in patients undergoing mechanical ventilation in the ICU. 


Drug Interactions: Although MIVACRON (a mixture of three stereoisomers) has been administered safely following 
succinylcholine-facilitated tracheal intubation, the interaction between the stereoisomers in MIVACRON 
and succinylcholine has not been systematically studied. Prior administration of succinylcholine can potentiate 
the neuromuscular blocking effects of nondepolarizing agents. Evidence of spontaneous recovery from 
succinyicholine should be observed before the administration of MIVACRON. 

The use of MIVACRON before succinylcholine to attenuate some of the side effects of succinyicholine has not 
been studied. 

There are no Clinical data on the use of MIVACRON with other nondepolarizing neuromuscular blocking agents. 
Isoflurane and enflurane (administered with nitrous oxide/oxygen to achieve 1.25 MAC) decrease the EDso of 
MIVACRON by as much as 25% (see Pharmacodynamics and Individualization of Dosages subsections 
of CLINICAL PHARMACOLOGY). These agents may also prolong the clinically effective duration of action and 
decrease the average infusion requirement of MIVACRON by as much as 35% to 40%. A greater potentiation 
of the neuromuscular blocking effects of the stereoisomers in MIVACRON may be expected with higher concentrations 
of enflurane or isoflurane. Halothane has little or no effect on the EDso, but may prolong the duration of action 
and decrease the average infusion requirement by as much as 20%. 

Other drugs which may enhance the neuromuscular blocking action of nondepolarizing agents such as the 
stereoisomers in MIVACRON include certain antibiotics (e.g., aminoglycosides, tetracyclines, bacitracin, polymyxins, 
lincomycin, clindamycin, colistin, and sodium colistimethate), magnesium salts, lithium, local anesthetics, procainamide, 
and quinidine. Drugs that may enhance the neuromuscular blocking effects of mivacurium by a reduction in plasma 


cholinesterase activity include chronic administration of oral contraceptives, glucocorticoids, or certain 
monoamine oxidase inhibitors and by irreversible inhibitors of plasma cholinesterase (see Reduced Plasma 
Cholinesterase Activity subsection of PRECAUTIONS). 

Resistance to the neuromuscular blocking action of nondepolarizing neuromuscular blocking agents has been 
demonstrated in patients chronically administered phenytoin or carbamazepine. While the effects of chronic 
phenytoin or carbamazepine therapy on the action of the stereoisomers in MIVACRON are unknown, slightly 
shorter durations of neuromuscular block may be anticipated and infusion rate requirements may be higher. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenesis and fertility studies have not been 
performed. MIVACRON was evaluated in a battery of four short-term mutagenicity tests. It was non-mutagenic 
in the Ames Salmonella assay, the mouse lymphoma assay, the human lymphocyte assay, and the in vivo rat 
bone marrow cytogenetic assay. 


Pregnancy: Teratogenic Effects: Pregnancy Category C. Teratology testing in nonventilated pregnant rats and 
mice treated subcutaneously with maximum subparalyzing doses of MIVACRON revealed no maternal or fetal 
toxicity or teratogenic effects. There are no adequate and well-controlled studies of MIVACRON in pregnant 
women. Because animal studies are not always predictive of human response, and the doses used were 
subparalyzing, MIVACRON should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


Labor and Delivery: The use of MIVACRON during labor, vaginal delivery, or cesarean section has not been 
studied in humans and it is not known whether MIVACRON administered to the mother has effects on the fetus. 
Doses of 0.08 and 0.20 mg/kg MIVACRON given to female beagles undergoing cesarean section resulted in 
negligible levels of the stereoisomers in MIVACRON in umbilical vessel blood of neonates and no deleterious 
effects on the puppies. 


Nursing Mothers: It is not known whether any of the stereoisomers of mivacurium are excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised following administration of MIVACRON 
to a nursing woman. 


Pediatric Use: MIVACRON has not been studied in children below the age of 2 years (see CLINICAL 
PHARMACOLOGY and DOSAGE AND ADMINISTRATION for clinical experience and recommendations 
for use in children 2 to 12 years of age). 


Geriatric Use: MIVACRON was safely administered during clinical trials to 64 elderly (>65 years) patients, including 
31 patients with significant cardiovascular disease (see General subsection of PRECAUTIONS). The duration 
cf neuromuscular block may be slightly longer in elderly patients than in young adult patients (see CLINICAL 
PHARMACOLOGY). 


ADVERSE REACTIONS: 

Observed in Clinical Trials: MIVACRON (a mixture of three stereoisomers) was well tolerated during 
extensive clinical trials in inpatients and outpatients. Prolonged neuromuscular block, which is an important 
adverse experience associated with neuromuscular blocking agents as a class, was reported as an adverse 
experience in 3 of 2074 patients administered MIVACRON. The most commonly reported adverse experience 
following the administration of MIVACRON was transient, dose-dependent cutaneous flushing about the face, 
neck, and/or chest. Flushing was most frequently noted after the initial dose of MIVACRON and was reported 
in about 20% of adult patients who received the recommended dose of 0.15 mg/kg MIVACRON over 5 to 15 
seconds. When present, flushing typically began within 1 to 2 minutes after the dose of MIVACRON and lasted 
for 3 to 5 minutes. Of 60 patients who experienced flushing after 0.15 mg/kg MIVACRON, one patient also 
experienced mild hypotension that was not treated, and one patient experienced moderate wheezing that was 
successfully treated. 

Overall, hypotension was infrequently reported as an adverse experience in the clinical trials of MIVACRON. 
None of the 397 adults or 63 children who received recommended doses was treated for a decrease in blood 
pressure associated with the administration of MIVACRON. Above the recommended dosage range, 1% to 2% 
of healthy adults given >0.20 mg/kg over 5 to 15 seconds and 2% to 4% of cardiac surgery patients given >0.20 mg/kg 
over 60 seconds were treated for decreases in blood pressure associated with the administration of 
MIVACRON. 

The following adverse experiences were reported in patients administered MIVACRON (all events judged by 
investigators during the clinical trials to have a possible causal relationship): 


Incidence Greater Than 1% - 
Cardiovascular: 


Incidence Less Than 1% - 
Cardiovascular: 


Flushing (15%) 


Hypotension, Tachycardia, Bradycardia, Cardiac Arrhythmia, Phlebitis 


Respiratory: Bronchospasm, Wheezing, Hypoxemia 
Dermatological: Rash, Urticaria, Erythema, Injection Site Reaction 
Nonspecific: Prolonged Drug Effect 

Neurologic: Dizziness 


Musculoskeletal: Muscle Spasms 


OVERDOSAGE: Overdosage with neuromuscular blocking agents may result in neuromuscular block beyond 
the time needed for surgery and anesthesia. The primary treatment is maintenance of a patent airway and controlled 
ventilation until recovery of normal neuromuscular function is assured. Once evidence of recovery from 
neuromuscular block is observed, further recovery may be facilitated by administration of an anticholinesterase 
agent (e.g., neostigmine, edrophonium) in conjunction with an appropriate anticholinergic agent. (see 
Antagonism of Neuromuscular Block). Overdosage may increase the risk of hemodynamic side effects, especially 
decreases in blood pressure. If needed, cardiovascular support may be provided by proper positioning of the 
patient, fluid administration, and/or vasopressor agent administration. 


Antagonism of Neuromuscular Block: 

ANTAGONISTS (SUCH AS NEOSTIGMINE) SHOULD NOT BE ADMINISTERED WHEN COMPLETE 
NEUROMUSCULAR BLOCK IS EVIDENT OR SUSPECTED. THE USE OF A PERIPHERAL NERVE STIMULATOR 
TO EVALUATE RECOVERY AND ANTAGONISM OF NEUROMUSCULAR BLOCK IS RECOMMENDED. 
Administration of 0.030 to 0.064 mg/kg neostigmine or 0.5 mg/kg edrophonium at approximately 10% 
recovery from neuromuscular block (range: 1 to 15) produced 95% recovery of the muscle twitch response and 
a T4/T1 ratio >75% in about 10 minutes. The times from 25% recovery of the muscle twitch response to T4/T1 
ratio >75% following these doses of antagonists averaged about 7 to 9 minutes. In comparison, average times 
for spontaneous recovery from 25% to T4/T1 275% were 12 to 13 minutes. 

Patients administered antagonists should be evaluated for adequate clinical evidence of antagonism, e.g., 5- 
second head lift and grip strength. Ventilation must be supported until no longer required. 

Antagonism may be delayed in the presence of debilitation, carcinomatosis, and the concomitant use of certain 
broad spectrum antibiotics, or anesthetic agents and other drugs which enhance neuromuscular block or separately 
cause respiratory depression (see Drug Interactions subsection of PRECAUTIONS). Under such circumstances 
the management is the same as that of prolonged neuromuscular block (see OVERDOSAGE). 


DOSAGE AND ADMINISTRATION: MIVACRON SHOULD ONLY BE ADMINISTERED INTRAVENOUSLY. 
The dosage information provided below is intended as a guide only. Doses of MIVACRON should be 
individualized (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). Factors 
that may warrant dosage adjustment include but may not be limited to: the presence of significant kidney, liver, 
or cardiovascular disease, obesity (patients weighing >30% more than ideal body weight for height), asthma, 
reduction in plasma cholinesterase activity, and the presence of inhalational anesthetic agents. The use of a 
peripheral nerve stimulator will permit the most advantageous use of MIVACRON, minimize the possibility of 
overdosage or underdosage, and assist in the evaluation of recovery. 

Adults: 

Initial Doses: 

A dose of 0.15 mg/kg MIVACRON administered over 5 to 15 seconds is recommended for facilitation of tracheal 
intubation for most patients. When administered as a component of a thiopental/opioid/nitrous oxide/oxygen 
induction-intubation technique, 0.15 mg/kg (2 x EDss) MIVACRON produces generally good-to-excellent 


conditions for tracheal intubation in 2.5 minutes. Lower doses of MIVACRON may result in a longer time for 
development of satisfactory intubation conditions. Administration of MIVACRON doses above the recommended 
range (20.2C mg/kg) is associated with the development of transient decreases in blood pressure in some patients 
(see CLINICAL PHARMACOLOGY and ADVERSE REACTIONS). 


In patients with clinically significant cardiovascular disease and in patients with any history suggesting a greater 
sensitivity to the release of histamine or other mediators (e.g., asthma), the dose of MIVACRON should be 0.15 mg/kg 
or less, administered over 60 seconds (see PRECAUTIONS). 


Clinical’ >ffective neuromuscular block may be expected to last for 15 to 20 minutes (range: 9 to 38) and spontaneous 
recovery may be expected to be 95% complete in 25 to 30 minutes (range: 16 to 41) following 0.15 mg/kg MIVACRON 
administered to patients receiving opioid/nitrous oxide/oxygen anesthesia. Maintenance dosing is generally 
required approximately 15 minutes following an initial dose of 0.15 mg/kg MIVACRON during opioid/nitrous 
oxide/oxygen anesthesia. Maintenance doses of 0.10 mg/kg each provide approximately 15 minutes of 
additional clinically effective block. For shorter or longer durations of action, smaller or larger maintenance doses 
may be administered. 


The neuromuscular blocking action of MIVACRON is potentiated by isoflurane or enflurane anesthesia. The 
recommended initial MIVACRON dose of 0.15 mg/kg may be used to facilitate tracheal intubation prior to the 
administration of these agents; however, if MIVACRON is first administered after establishment of stable-state 
isoflurane or enflurane anesthesia (administered with nitrous oxide/oxygen to achieve 1.25 MAC), the initial 
MIVACRON dose may be reduced by as much as 25%. Greater reductions in the MIVACRON dose may be required 
with higher concentrations of enflurane or isoflurane. With halothane, which has only a minimal potentiating 
effect on MIVACRON, a smaller dosage reduction may be considered. 


Continuous Infusion: Continuous infusion of MIVACRON may be used to maintain neuromuscular block. Upon 
early evidence of spontaneous recovery from an initial dose, an initial infusion rate of 9 to 10 g/kg/min is 
recommended. If continuous infusion is initiated simultaneously with the administration of an initial dose, a lower 
initial infusion rate should be used (e.g., 4 1g/kg/min). In either case, the initial infusion rate should be 
adjusted according to the response to peripheral nerve stimulation and to clinical criteria. On average, an infusion 
rate of 6 to 7 g/kg/min (range: 1 to 15) may be expected to maintain neuromuscular block within the range of 
89% to 99% for extended periods in adults receiving opioid/nitrous oxide/oxygen anesthesia. Reduction of the 
infusion rate by up to 35% to 40% should be considered when MIVACRON is administered during stable-state 
conditions of isoflurane or enflurane anesthesia (administered with nitrous oxide/oxygen to achieve 1.25 MAC). 
Greater reductions in the MIVACRON infusion rate may be required with greater concentrations of enflurane 
or isoflurane. With halothane, smaller reductions in infusion rate may be requirec. 


Children: 


Initial Doses: Dosage requirements for MIVACRON on a mg/kg basis are higher in children than adults. Onset 
and recovery of neuromuscular block occur more rapidly in children than adults (see CL NICAL PHARMACOLOGY). 
The recommended dose of MIVACRON for facilitating tracheal intubation in children 2 to ~ 2 years of age is 0.20 mg/kg 
administered over 5 to 15 seconds. When administered during stable opioid/nitrous oxide/oxygen anesthesia, 
0.20 mg/kg of MIVACRON produces maximum neuromuscular block in an average of 1.9 minutes (range: 1.3 
to 3.3) and clinically effective block for 10 minutes (range: 6 to 15). Maintenance doses are generally 
required more frequently in children than in adults. Administration of MIVACRON doses above the recommended 
range (>0.20 mg/kg) is associated with transient decreases in MAP in some children (see Hemodynamics subsection 
of CLINICAL PHARMACOLOGY). MIVACRON has not been studied in children below the age of 2 years. 


Continuous Infusion: Children require higher MIVACRON infusion rates than adults. During opioid/nitrous 
oxide/oxygen anesthesia the infusion rate required to maintain 89% to 99% neuromuscular block averages 
14 ug/kg/min (range: 5 to 31). The principles for infusion of MIVACRON in adults are also applicable to children 
(see above). 


Infusion Rate Tables: 

For adults and children the amount of infusion solution required per hour depends upon the clinical 
requirements of the patient, the concentration of MIVACRON in the infusion solution, and the patient's 
weight. The contribution of the infusion solution to the fluid requirements of the patient must be considered. Tables 6 
and 7 provide guidelines for delivery in mL/hr (equivalent to microdrops/min when 60 microdrops = 1 mL) of 
MIVACRON Premixed Infusion (0.5 mg/mL) and of MIVACRON Injection (2 mg/mL). 


Table 6 
Infusion Rates for Maintenance of Neuromuscular Block During 
Opioid/Nitrous Oxide/Oxygen Anesthesia Using MIVACRON Premixed Infusion (0.5 mg/mL) 


Drug Delivery Rate (ug/kg/min) 


Patient 
Weight 
(kg) 


Table 7 
Infusion Rates for Maintenance of Neuromuscular Block During 
Opioid/Nitrous Oxide/Oxygen Anesthesia Using MIVACRON Injection (2 mg/mL) 


Patient Drug Delivery Rate (ug/kg/min) 


Weight 


(kg) 4 5 6 7 8 10 14 16 18 20 
Infusion Delivery Rate (mL/hr) 
1.2 15 1.8 2.1 2.4 3.0 4.2 4.8 5.4 6.0 


MIVACRON Premixed Infusion in Flexible Plastic Containers: 


The flexible plastic container is fabricated from a specially formulated, nonplasticized, thermoplastic co-polyester 
(CR3). Water can permeate from inside the container into the overwrap but not in amounts sufficient to affect 
the solution significantly. Solutions inside the plastic container also can leach out certain of the chemical components 








in very small amounts before the expiration period is attained. However, the safety of the plastic has been confirmed 
by tests in animals according to USP biological standards for plastic containers. 


Instructions for Use: 

1. Tear outer wrap at notch and remove solution container. Check for minute leaks by squeezing container firmly. 
If leaks are found, discard solution as sterility may be impaired. 

2. Close flow control clamp of administration set. 

3. Remove cover from outlet port at bottom of container. 

4. Insert piercing pin of administration set into port with a twisting motion until the pin is firmly seated. 
NOTE: See full directions on administration set carton. 

5. Suspend container from hanger. 

6. Squeeze and release drip chamber to establish proper fluid level in chamber during infusion. 

7. Open flow contro! clamp to expel air from set. Close clamp. 

8. Attach set to intravenous tubing. 

9. Regulate rate of administration with flow control clamp. 


Caution: Additives should not be introduced into this solution. Do not administer unless solution is clear and 
container is undamaged. MIVACRON Premixed Infusion is intended for single patient use only. The unused 
portion of the solution should be discarded. 


Warning: Do not use flexible plastic container in series connections. 


MIVACRON Injection Compatibility and Admixtures: 
Y-site Administration: MIVACRON Injection may not be compatible with alkaline solutions having a pH greater 
than 8.5 (e.g., barbiturate solutions). 
Studies have shown that MIVACRON Injection is compatible with: 
* 5% Dextrose Injection USP 
* 0.9% Sodium Chloride Injection USP 
* 5% Dextrose and 0.9% Sodium Chloride Injection USP 
e Lactated Ringer's Injection USP 
* 5% Dextrose in Lactated Ringer's Injection 
* Sufenta® (sufentanil citrate) Injection, diluted as directed 
¢ Alfenta® (alfentanil hydrochloride) Injection, diluted as diracted 
e Sublimaze® (fentanyl citrate) Injection, diluted as directec 
Versed® (midazolam hydrochloride) Injection, diluted as cirected 
Inapsine® (droperidol) Injection, diluted as directed 
Compatibility studies with other parenteral products have not been conducted. 


Dilution Stability: MIVACRON Injection diluted to 0.5 mg mivacurium per mL in 5% Dextrose Injection 
USP, 5% Dextrose and 0.9% Sodium Chloride Injection USP, 0.9% Sodium Chioride Injection USP, Lactated 
Ringer's Injection USP, or 5% Dextrose in Lactated Ringer's Injaction is physically and chemically stable when 
stored in PVC (polyvinyl chloride) bags at 5°C to 25°C (41°F to 77°F) for up to 24 hours. Aseptic techniques 
should be used to prepare the diluted product. Admixtures of MIVACRON should be prepared for single patient 
use only and used within 24 hours of preparation. The unused portion of diluted MIVACRON should be 
discarded after each case. 

NOTE: Parenteral drug products should be inspected visually “or particulate matter and discoloration prior to 
administration whenever solution and container permit. Solutions which are not clear and colorless should not 
be used. 

HOW SUPPLIED: MIVACRON Injection, 2 mg mivacurium in each mL. 

5 mL Single Use Vials. Tray of 10 (NDC 0081-0705-44), 

10 mL Single Use Vials. Tray of 10 (NDC 0081-0705-95). 

MIVACRON Premixed Infusion in 5% Dextrose Injection USP. 0.5 mg mivacurium in each mL. 

50 mL (in a 100 mL unit) Flexible Plastic Containers. (NDC 0C81-0709-01). 

STORAGE: Store MIVACRON Injection at room temperature of 15° to 25°C (59° to 77°F). Avoid exposure to 
direct ultraviolet light. DO NOT FREEZE. 


Recommended storage for MIVACRON Premixed Infusion is rocm temperature (15° to 25°C/59° to 77°F). Avoid 
excessive heat. Avoid exposure to direct ultraviolet light. Protact from freezing. 
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THE ADVANTAGE 





OF CO-INDUCTION 


Anesthetic Synergy 


VERSED first, followed by a 
second anesthetic 


When given first, a small dose of VERSED” (midazolam 
HCl/Roche) may lower the induction ED; of barbiturates 
or narcotics up to 75%.'* This synergistic effect appears 
to result from a mutual enhancement of binding-site 
affinity." Clinically, co-induction may decrease toxicity 
and speed recovery.* VERSED can also abolish the 
excitatory effects and emergence phenomena associ- 
ated with some induction agents, and its potent amnes- 
tic effect may avoid breakthrough awareness at times 
when short-acting induction agents may be wearing off. 


e Allows lower doses of induction agents” 

+ A smooth induction 

$ Less risk of breakthrough awareness” 
A smooth emergence’ 


Bor 
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Dosing considerations 


When VERSED is used before other intravenous agents for 
induction of anesthesia, the initial dose of each agent may be 
significantly reduced, at times to as low as 25% of the usual 
initial dose of the individual agents. 

As a standard precaution, prior to I.V. administration of 
VERSED in any dose, oxygen and resuscitative equipment 
should be immediately available. VERSED should be used as 
an induction agent only by persons trained in anesthesiology 
and who are familiar with all dosing and administration guide- 
lines. Reduce dosage in elderly or debilitated patients, in 
patients receiving narcotic premedication and in those with 
limited pulmonary reserve. 

It is recommended that patients do not drive or operate haz- 
ardous machinery after receiving VERSED until the effects of 
the drug (e.g., drowsiness) are gone or until the day after anes- 
thesia, whichever is longer. The decision must be individualized. 


Please see summary of product information on following page. 





INJECTABLE 


VERSED 


midazolamHUl/Roche © 


FIRST 


Injectable VERSED is available in 
1 mg/mL and 5 mg/mL strengths. 


References: 1. Tverskoy M, of al. Midazolam-thiopental anesthetic interaction in 
patiants. Anesth Analg. 1988;67:342-346. 2 Vinkk HR, Bradley EL. Jr, Kissin |. 
Midazolam fo- colnduction of thiopental anesthesia in patients. Anesthesiology. 1990; 
7ABA):A121€. 3, Vink HR, Bradley EL. Jr, Kissin |. Midazolarmn-alfentand synergism for 
anesthetic incuction in patients. Anesth Anaig. 1989;69:213-217. 4. Ben-Shiomo |, 
at al. Midazolam acts syner with fentanyl for Induction of anaesthesia. Br J 
Aneasth. 1990;64:46-47,. 5. White PF. Comparative evaluation of intravenous agents 
po stl et Induction — thiopental, katamine, and midazolam. Anesthesiology. 


VERSED* 
midazolam HUi/Roche & 
INJECTION 


Before prescribing, please consult complete product information, a summary 
of which follows: 


Intravenous VERSED has been assoctated with respiratory depression and respira- 
tory arrest, especially when used for conscious sedation. In some cases, where this 
was not reccgnized promptly and treated effectively, hypoxic encephalopa - 

. Intravenous VERSED shoud be used only in hospital or ambulatory 


equipment and personnel trained In thair use shouid be assured. (See WARNINGS.) 
Ths Initial Intravenous dose for conscious sedation may be as ittie as 1 mg, but 


should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary for 
oker (over 63 years) or debilitated patients and in patients receiving concomitant 
narcotics or other CNS depressants. The Intia dose and all subsequent doses 
should never be given as a bolus; administer over at least 2 minutes and allow an 
additonal 2 or more minutes to fully evaluate the sedative effect. The use of the 

1 mg/mL. formutation or dilution of the 1 mg/mL or 5 mg/mL. formulation Is racom- 
mended to facilitate slower Injection. Consult comptete product information under 
DOSAGE AND ADMINISTRATION for complete dosing Information. 


CONTRAIND: CATIONS: Pationts with known hypersensitivity to the drug. Banzo- 
diazanines are contraindicated in patients with acute narrow angie glaucoma; may be 
used in open engie glaucoma only If patients are’ receiving appropriate therapy. 

Not intended for intrathecal or epidural administration due to the presence of the preser- 
vative benzyl alcohol. 

WARNINGS: Never use without Individuallzation of dosage. Prior to IV use in any 
does, ensure immediate availability of oxygen, resuscitative equipment and 
sidiled personnel for malntenance of a patent airway and support of ventilation. 
Continuously monitor for earty signs of underventilation or apnea, which can 
lead to hypoxia/cardiac arrest unless effective countermeasures are taken 


depresses respiration, 
add to this depression, It should be administered as an induction agent only by a person 
trained in general anesthesia and should be used for conscious sedation only in the 
presence of personnel skilled in early detection of underventiiation, maintaining a patent 
airway and ventilation. For conscious sedation, do not administer [IV by 
rapid or single bolus. Serious cardioresplratory adverse events have occurred. These 
have included respiratory depression, apnea, respiratory arrest and/or cardiac arrest, 
sometimes resulting in death. There have been rare reports of hypotensive episodes 
requiring treatment during or after diagnostic or surgical manipulations in patients who 
have received VERSED. Hypotension occurred more frequently in the conscious sedation 
studies in patients premedicated with narcotic. 
Reactions such as agitation, Involuntary movements, hyperactivity and combativeness 
have been reported. ee 
adrrinisiration; however, the possibility of corsbral hypoxia or true paradoxical reactions 
should be considered. Should these reactions occur, response to each dose of VERSED 
and ali other drugs shouki be evaluated befors 
Concomitant Lse of barbiturates, alcohol or other CNS depressants may Increase the risk 
of undarventiiation or apnea and may contribute to profound and/or profonged drug 
affect. Narcotic premedication also depresses the ventilatory response to carbon dioxide 


Higher risk surgical, elderly or debilitated patients require lower dosages for induction of 
anesthesia, premedicated or not. Pattants with chronic obstructs pulmonary disease 
are Unusually sensitive to the respiratory depressant effect of VERSED. Patiants with 
chronic renal failure and patients with congestive heart failure eliminate midazolam more 
Slowly. Becauce eiderly patients frequently have ineffictent function of one or more organ 
systems, and because dosage requirernents have been shown to decrease with age, 
reduce initial dosage and consider possiblity of a profound and/or prolonged effect. 

Do rot administer In shock, coma, acute alcohol intoxication with depression of vital 
signs. Particular care should be exercised in the use of IV VERSED In patients with 
uncompensated acute llinesses, such as severe fluid or electrotyte disturbances. 

Guard against unintended intra-arterial Injection; hazards in humans unknown. Avold 
extravasation 


VERSED shouid only be administered IM or IV. Safety and efficacy of other routes of 
administration are not established. 
Gross tests of -acovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug le never used alone during anesthesia, and the contribution of 
other perioperative drugs and events can vary. The decision as to when patients may 
engage in acthitles requiring mental alertness must be individualized; It is recommended 
that no petient should operate hazardous machinery or a motor vahicie unti the effects of 
obra such as drowsiness, have subsided or until the day after anesthesia, whichever 
longer 

Usage in Pregnancy: An Increased risk of congenital matformations associated 
with the use of benzodiazepines (diazepam and chlordlazepoxkie) has been 

in several studies. If VERSED Is used during pregnancy, apprise the 
patient of the potential hazard to the fetus. 
PRECAUTIONS: General: Decrease Intravenous doses in elderly and debilitated 
pationts. These patients wil also probedbly take longer to recover completely after 
VERSED for induction of anesthesia. 
VERSED does not protect against Increased Intracranial pressure or against the heart 
rate rise and/o~ blood pressure rise associated with endotracheal Intubation under fight 
general anestresia. 
information for patients: Communicate the following information and instructions to the 
patient when eppropdate: 1. inform your physician about any alcohol consumption and 
medicine you are now taking, including nonprescription drugs. Alcohol has an increased 
effect when consumed with ; therefore, caution should be exercised 
regarding simutansous ingestion of alcohol and 2. Inform your 
physician if you are pregnant or are planning to become pregnant. 3. Inform your physt- 
clan If you are tursing. 
Drug interactions: The sedative effect of IV VERSED bs accentuated by premedication, 





VERSED” (midazolam HCi/Roche) 


particularly narcotics (e.g., morphine, meperidine, fentany) and also secobarbital and 

Innovar (fentanyl and droperidol. Cansequenity, adjust the dosage according to the type 

and amount of premedication 

A moderate reduction In Induction dosage requirements of thiopental (about 15%) has 

baen noted following use of IM VERSED for premedication. 

[V acdministracion of VERSED decreases the minimum atvectar concentration (MAC) of 

halothane required for general anesthesia. This decrease correlates with the dose of 

VERSED administered. 

Although the possibilty of minor interactive effects has not been fully studied, VERSED 

and pancuronium have been used together in patients without noting clinically significant 

changes In dosage, onset or duration. VERSED does not protect against the characteris- 

tic circulatory Changes noted after administration of succinyicholine or pancuronium, or 

en oe ee 
choline. VERSED does not cause a clinically significant change in dosage, onset or 

duration of a single Intubating dose of succinytcholine. 


topical local enesthetics (including lidocaine, dycionine HO and Cetacaine) have been 


Clearance of midazolam and certain other benzodiazepines may be delayed with 
concomitant administration of cimetidine (but not ranitidine). Clinical significance of this 
interaction is unclear. 

Drug/laboratory test interactions: Midazolam has not been shown to interfere with clinical 


laboratory test resuits. 

Carcinogenesis, mutagenesis, impairment of fertiity: Midezolam maleate was adminis- 
tered to mice and rats for two years. At the highest dose (80 mg/kg/day) femate mice had 
a marked Increase in incidence of hepatic tumors and male rats had a small but signifi- 
cant increase in benign thyrotd follicular cell tumors. These tumors were found after 
chron& use, *hereas human use will ordinarily be of single or several doses. 

Midaactam did not have mutagenic actMty in tests that were conducted. 
Sn ee ee vee 
human M dose. 


Pragnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazotam rralsate infectabis, at 6 and 10 times the human dose, did not show evidence 
of teratogenicity in rabbits and rate. 


Labor and deivery: Use in obstetrics has not been evaluated. Because midazolam is 
transferred transplacentally and because other benzodiazepines given in the last weeks 
of pregnancy have resulted in neoratal CNS depression, VERSED Is not recommended 
for obstetrical use. 

Nursing mottiers: Excreted in human milk. Not recommended for use in nursing mothers. 
Peckatric use. Safety and effecttvaness in chiidren below the age of 18 have not bean 
established. 

ADVERSE REACTIONS: See WARNINGS conceming serious cardioresplratory 
events and possible paradoxical reactions. Fluctuations in vital signs following 
parenteral administration were the most fraquantly seen and included decreased 
tal volume and/or respiratory rate decrease (23.3% of patients following iV and 16.8% 
of patients following IM administration) and apnea (15.4% of patients following IV admin- 
istraticn}, as well as variations In blood preesure and pulse rate. 

Fottowing M njection: headache (1.3%); local effects at IM site: pain (3.7%), induration 
epee redness (0.5%), muscle stiffness (0.3%). 

M administration to eldarty and/or high-risk surgical patients has been associated with 
aight: pre terran a aati peop lip a a 
In mast of these cases, patients aso recaived other CNS depressants capable of 
depressing respiration, espectally narcotics. 

Following IV administration: hiccoughs (3.9%), nausea (2.8%), vomiting (2.696), coughing 
(1.3%), “oversedation” (1.6%), headache (1.5%), drowsiness (1.2%): local effects at the IV 
site: tendemess {5.8%}, pain during Injection (5.056), readiness (2.69), induration (1.7%), 
ohiebitis (0.45). Other effects (<1%) mainly following N administration: Rasprraian: 
Laryngospesm, bronchospasm, dyspnea, hyperventiiation, wheezing, shallow resptre- 
tons, airway obstruction, tachypnee. Cardiovascular Bigeminy, premature ventricular 
ee bradycardia, T a A Gastro- 
intestinal: Aci taste, excessive saiivation, retching. CNS/ 


pupils, cyciic movements of eyelids, visual disturbance, difficulty focusing eyes, ears 
btocked, loss of balance, lightheadedness. integumentary: Hive-lfke elevation at Injection 
site, seling Dr feeling of burning, warmth or coldness at Injection site. Hypersensitivity: 
Allergic reactions, Including anaphylactold reactions, hives, rash, pruritus. MAscaleneous: 
Yawning, lethargy, chills, weakness, toothache, faint feeling, hamatoma. 

Drug Abuse end Dependence: Avalabie data conceming the drug abuse and depen- 
ne ry ee er ee 
OVERDOSAGE: Manifestations would resemblo those observed with other benzodl- 
azepines (6.9., sedation, somnowance, confusion, impaired coordination, diminished 
reflaxes, coma, untoward effacts on vital signs). No specific organ toxicity would be 


axpocted. 

DOSAGE AND ADMINISTRATION: VERSED Is a potent sedative agent which 
requires siow administration and individualization of dosage. Clinical experience 
has shown VERSED to be 3 to 4 times as potent per mg ae diazepam. BECAUSE 
SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY ADVERSE EVENTS 
HAVE BEEN REPORTED, PROVISION FOR MONITORING, DETECTION AND 
CORRECTION OF THESE REACTIONS MUST BE MADE FOR EVERY PATIENT 
TO WHOM VERSED INJECTION IS ADMINISTERED, REGARDLESS OF AGE OR 
HEALTH STATUS. Excess doses or rapid or single bolus Intravenous administra- 
tion may result In res depression and/or arrest. (See WARNINGS.) Prior 
to use refer to the DOSAGE AND ADMINISTRATION section in the complete 
product Information. 
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Total Intravenous Anaesthesia 


edited by B. Kay 


- MONOGRAPHS IN ANAESTHESIOLOGY Vol.21 


1991 382 pages 
Price: US $ 164.00 / Dfl. 320.00 
ISBN 0-444-81198-2 


Totally intravenous anaesthesia (TIVA) may provide, in some circumstances, the best con- 
ditions for many patients undergoing surgery. However, few anaesiologists are prepared 
to place their anaesthetic machine to one side. This volume describes the pharmacology 
and use of the best drugs available for TIVA. The authors discuss their methods and reasons 
for their preference and above all, set out to offer practical advice to those anaesthesiologists 
wishing to develop the use of TIVA techniques. A comprehensive assessment of the rel- 
ative merits and disadvantages of intravenous and inhalational anaesthesia is offered in 
those fields where they may offer particular advantage. This volume offers practical advice 
about the use of totally intravenous anaesthesia to assist and inform practitioners of the 
various techniques ranging from short anaesthetics to pharmaco-kinetically based infusion 
techniques for major surgery or sedation. 


Contents: List of Contributors. Preface. 1. Why total intravenous anaesthesia (TIVA)? 
(F. Camu and B. Kay). 2. Continuous infusions of hypnotic agents for maintenance of anaes- 
thesia (J.W. Sear). 3. Benzodiazepines and their reversal (A. Nilsson). 4. Opioid anaesthesia 
(J.G. Bovill). 5. Opioid supplements in total intravenous anaesthesia (TIVA) (B. Kay). 6. 
Ketamine (B. Kay). 7. Relaxants for total intravenous anaesthesia (B.J. Pollard). 
8.Haemodynamic effects of continuous infusion anaesthesia and sedation (M. Rucquoi and 
F. Camu). 9. Recovery from total intravenus anaesthesia (G. Cooper). 10. Intra-operative mon- 
itoring of awareness (H.L. Edmonds, Jr and M.P.J. Paloheimo), 11. Infusion equipment for 
total intravenus anesthesia (B. Auty). 12. Total intravenus anaesthesia and postoperative seda- 
tion for cardiac surgery (G.N. Russell). 13. Total intravenous anaesthesia and sedation for neu- 
PAREDZ tn ihe USA & Canada dedi ee rosurgery (E. Moss). 14. Intravenous anaes- 

See ott Seite A _. °° €6h—hh rrr thesia and sedation for regionalanaesthesia 
oT ES we aie _. (N. Mackenzie). 15. Intravenous anaesthesia 
Oe ee for day-care surgery (J. Van Hemelrijk and 
— =e P.F. White). 16. Total intravenous anaesthe- 


UMENIE T ia for the high risk patient (C.S. Goodchild). 
ELSEVIER SCIENCE PUBLISHERS SubjectIndex (C.S. Goodchild) 


The Dutch guilder price is definitive. US$ prices are subject to exchange rate fluctuations. Prices are excl. B.T.W. for Dutch customers 
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IV anesthesia for 
superior recovery and 
exceptional control 


m Significantly less nausea and vomiting than with 
thiopental/isoflurane'” 


m Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane*” 


m Convenient and easily controlled maintenance of 
anesthesia® 


m Hemodynamic stability* during maintenance similar to 
isoflurane’ 


m Worldwide experience in more than 15 million patients— 
outpatient and inpatient procedures 


The ideal combination of recovery and control 


Since the vehicle (soybean oil in water emulsion) is capable of supporting rapid growth of micro- 
organisms, strict aseptic technique must always be maintained while handling DIPRIVAN Injection. 
(See WARNINGS and DOSAGE AND ADMINISTRATION sections in the brief summary of prescribing 
information on the next page.) 


DIPRIVAN is not recommended at this time for use in pediatric patients, nursing mothers, patients with increased intracranial pressure 
or impaired cerebral circulation, and in obstetrics, including cesarean section deliveries. 


*Elderly, debilitated, and/or hypovolemic patients, and those rated ASA III/IV, may have more profound cardiovascular responses. 


References: 1. Wetchler BV. A comparative evaluation of recovery following anesthesia with Diprivan® (propofol) by intravenous infusion 
versus Diprivan® followed by isoflurane versus thiopental sodium followed by isoflurane for short surgical procedures. Data on file, Stuart 
Pharmaceuticals, Wilmington, Delaware. 2. Sung YF, Reiss N, Tillette T. The differential cost of anesthesia and recovery with propofol-nitrous 
oxide anesthesia versus thiopentatisoflurane-nitrous oxide. Anesth Analg. 1990; 70:S396. Abstract. 3. Korttila K, Faure E, Apfelbaum J, 

Ekdawi M, Prunskis J, Roizen M. Recovery from propofol versus thiopental-isoflurane in patients undergoing outpatient anesthesia. Anesthe- 
siology. 1988;69(3A):A564. Abstract. 4. White PF. Propofol: pharmacokinetics and pharmacodynamics. Semin Anesth. 1988;7(suppl 1):4-20. 
5. Weingarten M. Diprivan (propofol) for induction and maintenance of general anesthesia: experience from two clinical studies. Semin Anesth. 
1988; 7(suppl 1):85-90. 6. Herregods L, Rolly G, Versichelen L, Rosseel MT. Propofol combined with nitrous oxide-oxygen for induction and 
maintenance of anaesthesia. Anaesthesia. 1987;42:360-365. 7. Gold MI, Sacks DJ, Grosnoff DB, Herrington CA. Comparison of propofol with 
thiopental and isoflurane for induction and maintenance of general anesthesia. J Clin Anesth. 1989;1:272-976. 


Please see next page for brief summary of prescribing information. 
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10 mg/mL. 

EMULHON FOR IY ADMINISTRATION 

(For tul prescribing bnbereation, see package insert. A Bria! Summary follows) 
CURUCAL PHARMACOLD of 


the ratan eel niet) ose a aes LENEA ol RATAN EE, EAA AASA AAAA 
provide £ smooth nduchbon and steblo maintenance whia reducing patsnitel unvaated side affects. Patients with hypovolemia shoud 
he fuid-volumne devlets corrected prior to administration of DIPRINAA injection. Imduotion of Asesteeete: kinst edict peflents uncer 
SS yoars of ape anc chasstiied ASA | as I require 2.0 to 2.5 moto cf DIPRIVAN infection for Iniinct!on when un premedicated or when 
promedicated with oral berundazenines or intaumercutes opioids. For Induction, DIPAINVAN Injection should be trirated (apprtedsrachery 
4 mg erary 19 seconds} againat the response of the patient uati the citos sigs shew the onsa of anesthesist. Aa with other sedative 
hypnotic agents, tts amount of intravenous opfotd and/or benzodiazepine pramedication vill infizence the responsa of the patient 
to au induction dan of DIPRIWAN injection. i fs important to be familiar wih and eperienced with tha inbavenous use of DIPRIVAN 
infection before trectieg sieri, deblltteked and ASA M or TY palbents. Due to the radocad cleanince and higher blood kwes, moet 
el lees te lle re Pee era tl el at tl ele 

anesthesia accocding to their condiifion and responses. A apid bolus chounid not be used as this wall ncrsase the Baaqhood of unceainbie 
retin 


petorts 
injections. When acministariog OIPRIMAX injection by infasica, it's recornmnended thal gringe pumps o volometric pumps be used 


200 .gfap/min) fortha fret 10 to 15 minutes. Infusion rakes should subpeqienty be dacreasad 30%- 50% during the first hault-hour 
Of maintenance. CH enges in vital signs Oricrozses fi paise rate, binod pressuna, avesiing andéor tering) that indicele a response 
scn Sgttaning of anesthesia may be coukroiisd by the administnaifon of DIPRIWAN infection 25 mo {25 mi} 


For rinor erp! procedure (a, body surface) 604670% fous oxda canbe cothoed with wae rate OPRIAN infusion 


to provide salietactnsy amatheai With more stimulating surpical procedures (le, Intr-abdoming) supplementation with anatyeets 
agerts should be conetdansd to provide a sutletactory anestuehc and recovery proie. When suppternertation with nitrous adde be 


‘tres. 

of DIPRINAN inject on 25 mo (2.6 mi} to 50 mo (6.0 mL) may be administered with nious adde in patients undergoing general 
supay. The incremeata) boluses shouid be administered whoo changes in vite signs indicaba a responsa to surgical sumeton 
or ght anesthesia. CIPRAVAN Injection hes been uted wath a waaty of agents commonty ased In enesthass such as airppine, scopoternine, 
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Reconstructive infrarenal aortic surgery is associated 
with impairment of renal function owing to vasocon- 
striction during and after aortic cross-clamping. To 
assess the influence of anesthetic technique on renal 
hemodynamics during aortic surgery, 34 patients 
received one of four anesthetics: isoflurane (n = 10), 
halothane (n = 9), droperidol (n = 8), and fluni- 
trazepam (n = 7). Supplemental anesthesia consisted 
of midazolam, fentanyl, nitrous oxide in oxygen 
(50%), and pancuronium. Before aortic cross- 
clamping, effective renal plasma flow (ERPF) (***iodo- 
hippuran clearance) and glomerular filtration rate 
(GFR) (technetium-DTPA clearance) were low in 
the halothane and flunitrazepam groups (118.4 + 
25.6 and 170 + 35 mL/min for ERPF; 19.7 + 5.2 and 
26.9 + 5.8 mL/min for GFR, respectively) and better 
preserved in the isoflurane group (253.4 + 51.5 and 
44.9 + 8.4 mL/min, respectively; P < 0.05 between 
isoflurane and halothane groups) or in the droperidol 
group as regards GFR (75.4 + 9.4 mL/min, P < 0.05). 


tic cross-clamping during abdominal aortic sur- 

gery are well understood (1-3). Nevertheless, 
postoperative renal failure, which is the most fre- 
quent complication after aortic reconstruction (4,5), 
may be explained by specific renal hemodynamic 
alterations during surgery. Consistent reductions in 
renal plasma flow and glomerular filtration rate have 
been demonstrated (6,7) during and after aortic cross- 
clamping. The alterations are attributed to renal vaso- 
constriction (6,7). As anesthetics can directly affect 
cardiovascular responses to surgery, the question 
arises whether the choice of anesthetic may signifi- 
cantly alter renal hemodynamics during surgery of 
the abdominal aorta. The purpose of this study was 


. ystemic hemodynamic effects of infrarenal aor- 
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During clamping, both renal variables were not mark- 
edly affected in any group except in the droperidol 
group in whom GFR significantly decreased from 
preclamp value. The GFR was then significantly 
higher in the isoflurane group (49.5 + 9.2 mL/min) 
than in the halothane and flunitrazepam groups (14.8 
+ 3.7 and 26.5 + 10.1 mL/min, respectively; P < 
0.05). After aortic declamping, ERPF and GFR in- 
creased markedly in the halothane group, and there 
was no significant difference between the groups. 
These results suggest that renal hemodynamics are 
less altered with droperidol-fentanyl anesthesia 
during abdominal surgery but not during aortic 
cross-clamping. With isoflurane, renal function was 
preserved during aortic cross-clamping for recon- 
structive infrarenal aortic surgery. On the other 
hand, halothane-fentany] and flunitrazepam-fentanyl 
anesthesia were associated with severe but transient 
renal dysfunction during abdominal surgery. 
(Anesth Analg 1992;74:481-5) 


thus to assess the effect of four anesthetic techniques 
on renal hemodynamics during infrarenal aortic sur- 


gery. 


Methods 


The study population consisted of 34 patients (33 
men, 1 woman; aged 36-80 yr} scheduled for infra- 
renal aortic surgery because of aortic aneurysm (n = 
21) or aortoocclusive disease (n = 13).-Patients with 
prior renal dysfunction (serum creatinine >1.8 mg/ 
dL), cardiac failure, aortic thrombosis, or undergoing 
emergency operation were not included. No renal 
artery stenosis was detectable on angiograms. Pre- 
operative therapy was maintained until the day be- 
fore surgery, except for antianginal medications (last 
dose given at the time of premedication). The proto- 
col was approved by the Committee for Ethics in 
Clinical Research of our institution, and informed 
consent was obtained from each patient. 
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Patients were allocated in a randomized fashion to 
the halothane (n = 9), isoflurane (n = 10), droperidol 
(n = 8), or flunitrazepam group (n = 7). Preanesthetic 
medication consisted of flunitrazepam (1 mg orally). 
Anesthesia was induced with midazolam (0.15 mg/ 
kg) except in patients in the flunitrazepam group who 
received flunitrazepam (0.03 mg/kg), fentanyl 
(0.006 mg/kg), and pancuronium (0.1 mg/kg). Venti- 
lation was then controlled using 50% nitrous oxide 
and oxygen to ensure normal arterial blood gases. 

In all patients, a peripheral vein was cannulated 
before anesthesia and a 7F thermodilution pulmonary 
catheter was inserted via the internal jugular vein. A 
radial artery catheter and a Foley urinary bladder 
catheter were inserted after the induction of anesthe- 
sia. The aorta was approached via a median laparot- 
omy. 

Supplemental anesthesia consisted of halothane, 
isoflurane, droperidol, and flunitrazepam according 
to the randomization schedule associated with fenta- 
nyl (0.006 mg/h + boluses of 0.1-0.2 mg) in order to 
maintain mean arterial blood pressure (MAP) less 
than 105 mm Hg and heart rate (HR) less than 100 
beats/min. Halothane and isoflurane were adminis- 
tered using a vaporizer (Drager), and end-tidal 
halothane or isoflurane concentrations were mea- 
sured at the proximal end of the endotracheal tube 
with an infrared analyzer (Capnomag, Datex Labora- 
tory). Additional intravenous doses of droperidol 
(boluses of 2.5 mg) or flunitrazepam (half the induc- 
tion dose) were given when required in the droperi- 
dol and flunitrazepam groups, respectively. Intrave- 
nous fluids (crystalloid, colloid, or blood) were 
infused to maintain MAP, pulmonary capillary 
wedge pressure (PCWP), and hematocrit above 
60 mm Hg, 8 mm Hg, and 28%, respectively. 

Systemic hemodynamics and renal function were 
measured at three periods as follows: during surgical 
approach of the aorta (preclamp period), during 
aortic cross-clamping (perclamp period), and after 
declamping and distal revascularization (postclamp 
period). Heart rate, MAP, PCWP, and cardiac output 
(CO) were recorded, and blood samples were with- 
drawn at the midpoint of each clearance period 
(20-30 min each). Glomerular filtration rate (GFR) 
and effective renal plasma flow (ERPF) were esti- 
mated from the clearances of ”’technetium-DTPA and 
‘Stiodo-hippuran, respectively, using the continuous 
infusion technique previously described for this lab- 
oratory (8,9). 

Data are expressed as mean + SEM. Two-way 
analysis of variance for repeated measures and Stu- 
dent's t-test with Bonferroni's correction were used to 
assess significance between and within groups. P < 
0.05 was considered the minimum level of signifi- 
cance. 


ANESTH ANALG 
1992;74:481-5 


Results 


The four groups of patients were similar with regard 
to demographic characteristics, preoperative serum 
creatinine, creatinine clearance, arterial pressure, and 
surgical data (Table 1). 

Anesthesia was maintained with similar doses of 
fentanyl (Table 1), and mean end-tidal concentrations 
of volatile anesthetics at the pre-, per-, and postclamp 
periods were 0.67% + 0.06%, 0.64% + 0.05%, and 
0.62% + 0.07% for halothane and 0.81% + 0.11%, 
0.77% + 0.06%, and 0.65% + 0.08% for isoflurane. 
Mean administered doses of droperidol and fluni- 
trazepam were, for the entire procedure, 0.29 + 
0.5 mg/kg and 31.6 + 8.1 ug/kg, respectively. Overall 
intravascular volume infusion requirements were not 
different between the four groups (Table 1). No 
vasopressor was given in any group, but one patient 
in the flunitrazepam group received nitroglycerine 
infusion because of myocardial ischemia associated 
with sustained hypertension during surgical ap- 
proach of the aorta. 

During the preclamp period, mean systemic hemo- 
dynamic parameters were similar in the four groups 
except for PCWP and CO which were higher and 
lower, respectively, in the halothane group than in 
the droperidol group (Table 2). During aortic cross- 
clamping, HR, MAP, and PCWP were not signifi- 
cantly altered from baseline in any group. Cardiac 
output decreased significantly by 30.2%, 24.5%, 
34.6%, and 36.4% and systemic vascular resistance 
increased significantly by 47%, 34.9%, 56.9%, and 
66.4% in the halothane, isoflurane, droperidol, and 
flunitrazepam groups, respectively (P < 0.05 from 
baseline) (Table 2). Clamp removal was followed by 
no further change in HR, MAP, and PCWP in any 
group. Cardiac output rose and systemic vascular 
resistance decreased in all groups but without reach- 
ing preclamp values in the droperidol group (Table 

2). 


During the preclamp period, ERPF and GFR were 
low in the halothane and flunitrazepam groups (Ta- 
ble 3). Both variables were significantly higher in the 
isoflurane group than in the halothane group (P < 
0.05). In the droperidol group, GFR was significantly 
higher than in all other groups (P < 0.05). During 
clamping, ERPF and GFR were not markedly affected 
in any group except in the droperidol group, where 
GFR significantly decreased from preclamp value (by 
39.9%, P < 0.05). Urinary flow decreased signifi- 
cantly in the halothane and droperidol groups. Glo- 
merular filtration rate was significantly higher in the 
isoflurane group than in the halothane and fluni- 
trazepam groups (P < 0.05). After aortic declamping, 
ERPF, GFR, and urine flow markedly increased in the 
halothane group from preclamp values (by 253.3%, 


$ 
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Table 1. Demographic and Perioperative Data 


CARDIOVASCULAR ANESTHESIA 
ANESTHESIA FOR INFRARENAL AORTIC SURGERY 


COLSON ET AL. 


483 


HAL ISO DRO FNZ P 

Patients 

Number 9 10 8 7 

Age (yr) 60.3 + 4.0 60.2 + 2.9 61.3 + 2.2 63.7 + 3.7 NS 

Weight (kg) 66.4 + 2.3 70.3 + 2.5 68.7 + 2.3 66.6 + 4.0 NS 

SC (mg/dL) 1.14 + 0.06 1.24 + 0.09 1.31 + 0.07 1.30 + 0.07 NS 

Cr Cl (mL/min) 91.6 + 6.9 88.7 + 15.6 75.8 + 11.8 80.4 + 8.2 NS 

MAP (mm Hg) 94.3 + 2.9 95.1 + 3.4 95.3 + 2.5 97.4 + 2.9 NS 
Preoperative treatment 

Calcium antagonists 6/9 2/10 3/8 2/7 

ACE inhibitors 5/9 2/10 0/8 1/7 

Nitrates 2/9 1/10 0/8 0/7 

Methyldopa 0/9 2/10 2/8 0/7 
Surgery 

Aortoocclusive 3/9 4/10 3/8 3/7 

Aneurysms 6/9 6/10 5/8 4/7 

XC time (min) 31:3 +25 30.1 + 3.6 36.3 + 4.2 39.7 + 5.6 NS 

Surgical time (min) 201.0 = 12:2 187.8 + 16.3 210.0 + 13.8 192.9 + 20.9 NS 
Anesthesia 

Fentanyl (ug/h) 6.4 + 0.3 6.6 + 0.4 7.3 + 0.6 6.2 + 0.2 NS 

VOL,, (L/h) 0.91 + 0.05 1:19 + 0.09 1.31 + 0.08 1.12 + 0.09 a,b 


HAL, halothane group; ISO, isoflurane group; DRO, droperidol group; FNZ, flunitrazepam group; NS, not significant; SC, preoperative serum creatinine; 
Cr Cl, creatinine clearance; MAP, preoperative mean arterial blood pressure; ACE, angiotensin converting enzyme; XC time, cross-clamping time; VOL, total 


volume infused per hour of surgery. 
Data are expressed as mean + SEM. 
“P < 0.05 between halothane group and isoflurane group. 
èP < 0.05 between halothane group and droperidol group. 


405.4%, and 596.2% respectively; P < 0.05 for all). 
There was no statistically significant difference in 
ERPF and GFR between the groups (Table 3). No 
instance of acute renal failure occurred postopera- 
tively in either group. 


Discussion 


This study shows that halothane-fentanyl anesthesia 
or flunitrazepam-fentanyl anesthesia was associated 
with a severe but transient renal dysfunction during 
abdominal surgery. Droperidol-fentanyl anesthesia 
was associated with preserved renal function during 
abdominal surgery but not during aortic cross- 
clamping. On the other hand, isoflurane-fentanyl 
anesthesia prevented renal hemodynamic alteration 
associated with aortic cross-clamping. 

Systemic hemodynamic variations before and dur- 
ing clamping, as well as after declamping, were 
closely compared with other studies (1-3,6,7,10). 
Most authors agree on the existence of a decrease in 
CO and an increase in systemic vascular resistances 
during aortic cross-clamping, even though the mag- 
nitude of reported changes varies quite widely from 
one study to another. Nevertheless, different perfor- 
mances of the kidney with the four anesthetic tech- 
niques studied cannot be attributed only to the mod- 
ifications of systemic hemodynamics during surgery. 


Previous studies on renal function during halo- 
thane or isoflurane anesthesia have reported only 
moderate renal impairment (11,12). Levels of effective 
renal plasma flow and GFR in isoflurane-anesthetized 
patients before clamping, indeed, compare to that 
reported in the literature (12). On the contrary, the 
very poor renal function we observed in halothane- 
anesthetized patients before clamping suggests that 
severe renal vasoconstriction occurred. As renal vaso- 
dilation seems to be the direct effect of halothane on 
experimentally isolated kidneys (13), surgical sympa- 
thetic-induced renal vasoconstriction may not have 
been impeded with halothane associated with nitrous 
oxide (14). Similarly, Ostman et al. (15) have shown 
that intense decreases in renal and intestinal blood. 
flows were associated with diazepam-fentany! anes- 
thesia in cats. Therefore, the sympathetic-induced 
renal vasoconstriction during surgery may account 
for reduced renal function in halothane- or fluni- 
trazepam-anesthetized patients before aortic clamp- 
ing. On the contrary, droperidol protects renal circu- 
lation against stress-induced vasoconstriction (15,16) 
and isoflurane blunts stress-related renal vasocon- 
striction in cats (15). Nevertheless, ERPF and GFR 
values were lower before aortic cross-clamping than 
in previous studies using similar methodology (hip- 
puran clearances, narcotic-nitrous oxide anesthesia) 
(6). However, Gamulin et al. (6,7) used mannitol 
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Table 2. Systemic Hemodynamic Data 
HAL ISO DRO FNZ P 
HR (beats/min) 
Preclamp BLISS FAS E39 72.4 + 5.0 69.9 + 5.6 NS 
Perclamp 67:7 = 5.1 61.9 + 4.5 63.1 + 3.6 56.9 + 2.8 NS 
Postclamp 68.0 + 6.3 62.8 + 3.4 64.1 + 4.3 61.1 + 2.9 NS 
MAP (mm Hg) 
Preclamp 76.9 £25 83.5: 3.1 85.8 + 4.0 82.6 + 5.5 NS 
Perclamp 83.4 + 4.0 86.5 + 4.5 84.0 + 4.3 86.7 + 3.3 NS 
Postclamp 83.9 + 2.6 77.2 + 3.3 87.5 + 4.8 79.1 + 7.0 NS 
PCWP (mm Hg) 
Preclamp 15.4 + 1.4 1929-067 10.4 + 1.4 14.7 + 1.1 a 
Perclamp 15:9° 11 16.7 + 1.4 9.6+1.0 12.8 + 0.8 a,b,c 
Postclamp 16.1 + 1.4 15.8 + 1.3 9.02 1,3 13.8 + 0.8 a 
CO (L/min) 
Preclamp 5.3 + 0.4 5.3403 7.8 + 0.7 5.5 + 0.3 a 
Perclamp 370 4.0 +g 5140F 3.5 + 0.44 d,e,f 
Postclamp 4.6+0.5 5.2 + 0.5 5.5 + 0.4 4.9 + 0.4 NS 
SVR (dyne-s-m~’) 
Preclamp 1080 + 111 1210 + 114 860 + 100 1100 + 141 g 
Perclamp 1590 + 95° 1630 + 123% 1350 + 1364 1830 + 212¢ d 
Postclamp 1360 + 113 1150 + 142 1270 + 137 1210 + 186 NS 


HAL, halothane group; ISO, isoflurane group; DRO, droperidol group; FNZ, flunitrazepam group; HR, heart rate; MAP, mean arterial blood pressure; 


PCWP, pulmonary capillary wedge pressure; CO, cardiac output; SVR, systemic vascular resistances. 


Data are expressed as mean + SEM. 

“P < 0.05 between droperidol group and all other groups. 

bP < 0.05 between flunitrazepam group and isoflurane group. 
€P < 0.05 between flunitrazepam group and halothane group. 
4P < 0.05 within groups from previous period. 

“P < 0.05 between droperidol group and halothane group. 

fP < 0.05 between flunitrazepam group and droperidol group. 
SP < 0.05 between droperidol group and halothane group. 


Table 3. Renal Hemodynamic and Function Data 


HAL ISO DRO FNZ P 

ERPF (mL/min) 

Preclamp 118 + 26 253 + 52 240 + 62 170 + 35 a 

Perclamp 132 + 32 233 + 47 185 + 45 168 + 62 NS 

Postclamp 468 + 122" 363 + 58 273 + 43 299 + 101 b 
GRF (mL/min) 

Preclamp 19.7 + 5.2 44.9 + 8.4 75.4 + 9.4 26.9 + 5.8 a,c,d,e 

Perclamp 14.8 + 3.7 49.5 + 9.2 45.3 + 9.7” 26.5 + 10.1 a,b,f 

Postclamp 74.8 + 22” 71.8 + 13.1 60.6 + 9.4 51.4 417.2 b 
Urinary output (mL/min) 

Preclamp 0.6 + 0.1 1.0: 2 0.2 2.0 + 0.5 0.7 + 0.2 c,d 

Perclamp 0:30.15 0.9+ 0.3 0.6 +0.1° 05 20.2 b 

Postclamp 182 Or 1.8 + 0.5° OTEO? 0.6 + 0.2 b,f 


HAL, halothane group; ISO, isoflurane group; DRO, droperidol group; FNZ, flunitrazepam group; ERPF, effective renal plasma flow (hippuran clearance); 


GFR, glomerular filtration rate (DTPA clearance). 
Data are expressed as mean + SEM. 
“P < 0.C5 between halothane group and isoflurane group. 
bP < 0.C5 within groups from previous periods. 
€P < 0.05 between halothane group and droperidol group. 
“P < 0.05 between droperidol group and flunitrazepam group. 
“P < 0.05 between isoflurane group and droperidol group. 
fP < 0.05 between isoflurane group and flunitrazepam group. 


throughout their studies, which may have boosted 
preclamp renal hemodynamics. 

An important finding of this study is that isoflu- 
rane anesthesia prevents renal dysfunction during 


infrarenal aortic cross-clamping. The observed de- 
crease in renal blood flow and GFR associated with 
aortic cross-clamping appears to be mediated also by 
renal vasoconstriction (6,7). Isoflurane probably acts 
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at the renal level to alleviate renal dysfunction 
(11,12), but the mechanism is unknown. Evidence 
against a role of increased sympathetic activity has 
been previously suggested by studies showing that 
epidural anesthesia failed to alter aortic cross- 
clamping-induced changes in renal hemodynamics 
(7). In the present study, a decrease in renal hemo- 
dynamics in droperidol-treated patients supports this 
hypothesis (16), and preclamping renal vasoconstric- 
tion in halothane- and flunitrazepam-anesthetized 
patients may have concealed the specific effect of 
aortic cross-clamping. 

After aortic declamping, renal variables improved 
markedly in halothane-anesthetized patients. The 
protective effect of halothane in ischemic kidney (17) 
may account partly for the improvement of renal 
function after partial ischemia. However, the dra- 
matic improvement of ERPF and GFR after acute 
renal hemodynamic alteration during clamping could 
have been overestimated by the *technetium-DTPA 
and ***iodo-hippuran clearance techniques (18). 

‘In conclusion, even though the effects are tran- 
sient, halothane- or flunitrazepam-fentanyl anesthe- 
sia is associated with a severe deterioration in renal 
hemodynamics during aortic surgery. On the con- 
trary, isoflurane-fentanyl anesthesia shows blunting 
of the aortic clamping effect on renal hemodynamics. 
Nevertheless, further studies are required to state 
whether improvement of perioperative renal hemo- 
dynamics can preserve postoperative renal function, 
specifically in patients at most risk for renal injury. 
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We have observed an association between the use of 
tourniquets for limb surgery and a progressive in- 
crease in body temperature in pediatric patients. 
Consequently, we evaluated the effect of leg tourni- 
quet(s) on intraoperative nasopharyngeal tempera- 
ture in pediatric patients. We measured central tem- 
perature in three groups of children anesthetized 
with halothane and nitrous oxide: those with unilat- 
eral tourniquets (n = 15), those with bilateral tourni- 
quets (n = 8), and a control group not requiring 
tourniquets (n = 24). Intraoperative ambient temper- 
atures were maintained near 23°C, respiratory gases 
were actively heated and humidified, and skin was 


central temperature progressively increases in pe- 

diatric patients during anesthesia for limb sur- 
gery. It has been our impression that this hyperther- 
mia was associated with inflated limb tourniquet(s). 
Some years ago, we reviewed the anesthetic records 
of pediatric patients who had undergone operations 
requiring the application of unilateral and bilateral 
limb tourniquets. We compared them with the anes- 
thetic records of patients who had undergone proce- 
dures during which they were similarly draped, but 
were not subject to tourniquet application (1). Al- 
though this retrospective review confirmed our im- 
pressions, it lacked the validity of a prospective 
investigation. We therefore prospectively tested the 
hypothesis that unilateral and bilateral leg tourniquet 
application would increase intraoperative central 
temperature compared with temperatures in patients 
not requiring tourniquets. 


| has been noted by us (1) and others (2) that 
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warmed using a circulating water blanket set at 38°C. 
The control patients remained normothermic during 
anesthesia and surgery. In contrast, central tempera- 
ture increased 1.0 + 0.6°C in 90 min in those with one 
tourniquet and 1.7 + 0.6°C in those with bilateral 
tourniquets. The tourniquet-induced hyperthermia 
appeared to result from decreased effective heat loss 
from distal skin and from constraint of metabolic heat 
to the central thermal compartment. These data sug- 
gest that pediatric patients requiring intraoperative 
tourniquets should not be aggressively warmed dur- 
ing surgery. 

(Anesth Analg 1992;74:486-9) 


Methods 


With approval of the Institutional Review Board of 
Duke University Medical Center, we studied 47 pe- 
diatric patients. Fifteen patients had a single leg 
tourniquet applied to facilitate orthopedic surgery; 
eight patients required bilateral leg tourniquets. The 
control group (n = 24) were similarly draped and 
anesthetized for peripheral surgical procedures such 
as hypospadias repair and orchidopexy, but differed 
in not requiring tourniquets. 

Patients were healthy (ASA physical status I and 
ID, had no evidence of infection, had no personal or 
family history of malignant hyperthermia, had no 
evidence of increased intracranial pressure, and were 
not taking any medications known to affect thermo- 
regulation (e.g., antipyretics). They were not given 
blood or blood products during the study. 

Anesthesia was induced by intravenous adminis- 
tration of thiopental or inhalation of a mixture of 
nitrous oxide, oxygen, and halothane. Atropine 
(0.01 mg/kg) was administered intravenously imme- 
diately after induction. Atracurium or vecuronium 
was used to facilitate tracheal intubation and the 
subsequent control of ventilation. Anesthesia was 
maintained with nitrous oxide, oxygen, and halo- 
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Table 1. Morphometric Characteristics and 
Ambient Temperature 








Unilateral Bilateral Control 
Number 15 8 24 
Age (yr) 0225 sits 2etz24 
Weight (kg) Ib 27 16.2 1] 15:2 13 
Height (cm) 93 + 21 93 + 25 88 + 25 
Surface area (m?) 06+02 06+03 06+0.3 
Ambient temperature (°C) 23.5416 23.3414 23.24 1.5 





thane (0.5%-1.5%) via a Mapleson F breathing sys- 
tem with a MR450 Servo airway heater and humidi- 
fier (Fisher and Paykel, Auckland, New Zealand). All 
patients were warmed by a circulating water blanket 
(Cincinnati Sub-Zero, Blanketrol HL, model 200HL) 
set to 38°C. Ambient temperature was thermostati- 
cally controlled near 23°C. Intravenous fluids were 
infused at maintenance rates and were not warmed. 
All the patients in this study were anesthetized in the 
same operating room. 

Ambient temperatures were monitored using a 
Mallinckrodt (St. Louis, Mo.) model 8200 electronic 
thermometer located near the head of the operating 
table at a site free from drafts or heat from electronic 
equipment. Central temperatures were measured us- 
ing a nasopharyngeal probe (YSI series 700, Mallinck- 
rodt) inserted via a nostril to a depth equal to the 
distance from the tragus of the ear to the ala nasi (3). 
Patients’ nasopharyngeal temperatures were mea- 
sured as soon as possible after induction of anesthe- 
sia (elapsed time zero) and at 15-min intervals for 
90 min. Data are presented only for patients complet- 
ing the entire 90-min protocol. The same thermome- 
ters were used for each patient in the study and they 
were calibrated and maintained according to the 
manufacturer’s instructions. 

Time-dependent data within each group were an- 
alyzed using repeated-measures analysis of variance 
and Dunnett’s tests for comparison to values re- 
corded immediately after induction of anesthesia. 
Comparisons between groups (at each time) were 
made using one-way analysis of variance and Student- 
Newman-Keuls tests. Values are expressed as mean 
+ standard deviation (sp); P < 0.05 identified statis- 
tically significant differences. 


Results 


There were no statistically significant differences be- 
tween the groups regarding age, weight, height, 
body surface area, or ambient temperature (Table 1). 
Tourniquets in the unilateral group were inflated for 
103 + 26 min and those in the bilateral group for 115 
+ 27 min (P = NS). Anesthesia lasted 161 + 51 min in 
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Figure 1. The change in nasopharyngeal temperature in patients 
given unilateral leg tourniquets, bilateral leg tourniquets, or no 
tourniquets (control) during 90 elapsed minutes. Time zero was the 
time as soon after induction of anesthesia as possible at which the 
first central temperature was recorded. Initial temperatures after 
induction of anesthesia (elapsed time zero) were 36.6 + 0.4°C in 
the unilateral tourniquet group, 36.4 + 0.4°C in the bilateral group, 
and 36.5 + 0.6°C in the control group. Patients in the control group 
remained nearly normothermic. In contrast, central temperatures 
increased 1.0 + 0.6°C in 90 min in patients with unilateral tourni- 
quets and 1.7 + 0.6°C in those with bilateral tourniquets. Central 
temperatures in each treatment group were significantly greater 
than values at time zero after 15 elapsed minutes. Central temper- 
ature increases in both tourniquet groups significantly exceeded 
values in control patients at all times after each 15-min interval. 
Increases in the bilateral tourniquet group were significantly 
greater than those in the unilateral group at 75 and 90 elapsed 
minutes (T). 


the patients not requiring tourniquets. Initial temper- 
atures after induction of anesthesia (elapsed time 
zero) were 36.6 + 0.4°C in the unilateral tourniquet 
group, 36.4 + 0.4°C in the bilateral group, and 36.5 + 
0.6°C in the control group. 

Patients in the control group remained nearly 
normothermic. In contrast, central temperatures in- 
creased 1.0 + 0.6°C in 90 min in patients with 
unilateral tourniquets and 1.7 + 0.6°C in those with 
bilateral tourniquets. Central temperatures in each 
treatment group were Statistically significantly 
greater than values at time zero after 15 elapsed 
minutes. Central temperature increases in both tour- 
niquet groups significantly exceeded control values in 
control patients at all times after 15 elapsed minutes. 
Increases in the bilateral tourniquet group were sig- 
nificantly greater than those in the unilateral group at 
75 and 90 elapsed minutes (Figure 1). Sweating was 
not observed. 

The mean decrease 15 min after tourniquet defla- 
tion was 0.31 + 0.23°C and 0.81 + 0.49°C in the 
unilateral and bilateral tourniquet groups, respec- 
tively (P = 0.08). 


Discussion 


Nasopharyngeal temperature increased 1.0 + 0.6°C 
in patients with unilateral tourniquets (relative to 
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control patients, over 90 min) and 1.7 + 0.6°C in 
patients with bilateral tourniquets. Central tempera- 
ture increases when (a) metabolic heat production 
increases, (b) heat loss to the environment decreases, 
or (c) the internal distribution of body heat is altered. 
In paralyzed patients, the observed increase in cen- 
tral temperature is unlikely to result from increased 
metabolic heat production. Nonshivering thermogen- 
esis is triggered by hypothermia and consequently 
would not be anticipated in hyperthermic patients. 
Furthermore, the average age of the patients in this 
study was ~3 yr, and nonshivering thermogenesis is 
unimportant in unanesthetized (4-6) or anesthetized 
(7 and Bissonnette and Sessler, unpublished data) 
humans over 2 yr of age. 

In the absence of insulation (8), cutaneous heat 
loss is roughly proportional to surface area over the 
entire bady (9). The surface area of each leg consti- 
tutes ~18% of the total body surface area (10). Based 
on the expected metabolic rate during anesthesia and 
the specific heat of humans (11), decreased effective 
heat loss from the skin to the environment would 
increase mean body temperature (relative to control 
patients) by ~0.2 and ~0.4°C, respectively, in the 
unilateral and bilateral tourniquet groups. The ob- 
served hyperthermia was considerably greater than 
predicted simply from the reduction in effective sur- 
face area, suggesting that distribution of heat within 
the body also was altered. 

There are several indications that altered distribu- 
tion of heat within the body contributes significantly 
to clinical thermal perturbations. For example, the 
precipitous decrease in central temperature after in- 
duction of general (12) or epidural (13) anesthesia 
does not result from increased heat loss to the envi- 
ronment or decreased metabolic heat production. 
Instead, it is caused by redistribution of central heat 
to peripheral tissues. Similarly, the central tempera- 
ture plateau frequently observed after 34 h of anes- 
thesia in patients sufficiently hypothermic to trigger 
peripheral thermoregulatory vasoconstriction (14,15) 
cannot be explained by the resulting small decrease in 
cutaneous heat loss (16) or nonshivering thermogen- 
esis (7). Prevention of further central hypothermia in 
these patients apparently results when metabolic 
heat (most of which is centrally produced) is con- 
strained by thermoregulatory vasoconstriction to the 
central compartment. Similar hypothermia preven- 
tion has been observed in volunteers immersed in 
water at 15°C (17). 

Tourniquets similarly constrain centrally gener- 
ated metabolic heat to the central thermal compart- 
ment. It is thus likely that central hyperthermia 
resulted in our patients, in part, because a similar 
amount of metabolic heat was distributed to a smaller 
tissue mass after tourniquet inflation. After tourni- 
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quet inflation (and prevention of metabolic heat 
transfer from the core), heat loss from the skin to the 
environment would continue in distal tissues, caus- 
ing regional hypothermia. Release of the tourni- 
quet(s) would allow mixing of heat in the warm 
central and cool peripheral tissues, precipitously de- 
creasing central temperature. This “redistribution hy- 
pothermia” is mechanistically similar to that ob- 
served during induction of anesthesia (12). A rapid 
decrease in central temperature after tourniquet re- 
lease has previously been described in adult patients 
(18,19). 

Most pediatric patients are aggressively warmed 
to prevent intraoperative hypothermia. However, 
warming can be excessive, and two major pediatric 
anesthesia textbooks assert that intraoperative hyper- 
thermia may now be more common than hypother- 
mia in infants and children (20,21). Our data indicate 
that hyperthermia is particularly likely in patients 
requiring intraoperative tourniquets. Hyperthermia 
itself increases blood pressure and heart rate, both of 
which may be further increased by tourniquet pain 
(22). The combination of hyperthermia, hyperten- 
sion, and tachycardia may suggest malignant hyper- 
thermia, particularly in children with musculoskeletal 
deformities who are especially prone to the syndrome 
(23). Ironically, induced hyperthermia facilitates trig- 
gering of malignant hyperthermia (24). Our results 
suggest that patients requiring tourniquets should 
not be aggressively warmed and that causes of hy- 
perthermia other than malignant hyperthermia 
should be considered in these patients. 

Our three study groups were not completely com- 
parable in that the control patients required slightly 
different operations. However, surgical exposure, 
draping, age, and weight were similar: it is unlikely 
that the large temperature differences between the 
groups resulted simply from patient selection. Al- 
though tourniquet pain contributed to stimulation of 
surgery in the treatment groups, there is no obvious 
mechanism by which sympathetic stimulation itself 
would have caused hyperthermia in patients with 
tourniquets. Intraoperative temperature changes are 
determined by a variety of factors, including ambient 
temperature (25,26), cutaneous insulation (8), active 
skin-surface warming (9), airway heating and humid- 
ification (27-29), size of the surgical incision (30), and 
surgical skin preparation. Warming was sufficient in 
our patients to maintain the control group near- 
normothermic. Had warming been less aggressive, it 
is likely they would have become hypothermic; none- 
theless, observed differences between the control and 
tourniquet groups would have persisted. 

In summary, we evaluated the effect of leg tourni- 
quet(s) on intraoperative nasopharyngeal tempera- 
ture in pediatric patients. We measured central tem- 
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perature in three groups of children: those with 
unilateral tourniquets, those with bilateral tourni- 
quets, and a control group requiring no tourniquets. 
The control patients remained nearly normothermic 
during anesthesia and surgery. In contrast, central 
temperature increased 1.0 + 0.6°C in 90 min in those 
with one tourniquet and 1.7 + 0.6°C in patients with 
bilateral tourniquets. Tourniquet-induced hyperther- 
mia appears to result from decreased effective heat 
loss from distal skin and from constraint of metabolic 
heat to the central thermal compartment. These data 
suggest that pediatric patients requiring intraopera- 
tive tourniquets should not be aggressively warmed 
during surgery. 
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Intravenous propofol was compared with ketamine 
in 20 pediatric patients undergoing cardiac catheter- 
ization. The study patients were randomly assigned 
to treatment groups so that 10 patients received 
ketamine and 10 patients received propofol. The 
hemodynamic responses and recovery characteristics 
of the two groups were compared. On induction of 
anesthesia, seven patients in the propofol group 
experienced a transient decrease in mean arterial 
eae Higa greater than 20% of baseline accom- 
panied by mild arterial desaturation in four patients. 
Only one t patient in the ketamine group experienced 
such a decrease in arterial blood pressure. This was 
the cnly significant difference (P < 0.05) in hemody- 


ric patients scheduled to undergo cardiac cath- 
eterization include immobility, sedation, and 
cardiovascular stability. The maintenance of sponta- 
neous ventilation without supplemental oxygen is 
also desirable so that the normal physiology is least 
altered by the anesthetic technique. Intravenous ket- 
amine is an agent with a long history of successful 
use in the cardiac catheterization suite but is associ- 
ated with hemodynamic alterations, dysphoric emer- 
gence reactions, and a prolonged recovery period (1). 
Propofol is a substituted phenol anesthetic that is 
associated with smooth induction of, and rapid re- 
covery from, anesthesia (2). Its pharmacokinetic pro- 
file favors administration by continuous intravenous 
infusion to provide complete anesthesia (3). Its safety 
and efficacy in pediatric patients have been demon- 
strated in numerous studies (4-6). Reported side 
effects include pain on injection into small veins 
(which may be prevented by pretreatment with small 
doses of intravenous lidocaine) (7) and dose-related 
decreases in blood pressure and cardiac output. 


[7 goals for anesthetic management of pediat- 
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namic effects between the two groups. Time to full 
recovery (mean + sp) was significantly less in the 
propofol group (24 + 19 min vs 139 + 87 min, P < 
0.001). In the ketamine group only, significant corre- 
lations (P < 0.05) included time to full recovery with 
duration of anesthetic (r = 0.71) and time to full 
recovery with total drug dose per kilogram (r = 0.82). 
The authors conclude that propofol anesthesia is a 
practical alternative for pediatric patients undergoing 
elective cardiac catheterization and may be preferable 
to ketamine because of the significantly shorter re- 
covery time. 

(Anesth Analg 1992;74:490-4) 


The current study compared propofol with ket- 
amine for intravenous anesthesia in pediatric patients 
undergoing cardiac catheterization. This is the first 
report describing the use of propofol in poe 
patients with congenital heart disease. 


Methods 


After approval of the protocol had been received from 
the Institutional Review Board, written informed 
consent was obtained from the parent or guardian. 
Twenty patients, aged 7 mo to 6 yr, ASA physical 
status H and IL, scheduled for elective cardiac cathe- 
terization for evaluation of congenital heart disease 
were studied. Patients requiring mechanical ventila- 
tion or intravenous inotropic support were excluded 
from the study. No patient received preanesthetic 
medication, and after a 6-h fast, they arrived in the 
catheterization laboratory with an intravenous cathe- 
ter in situ. 

The patients were randomly assigned to one of 
two treatment groups to receive either propofol or 
ketamine as their anesthetic. Monitoring included a 
chest stethoscope, electrocardiographic lead II, a 
Dinamap blood pressure device, and Nellcor digital 
pulse oximetry. Heart rate (HR), arterial blood pres- 
sure, and preductal digital oxygen saturation (Spo) 
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were recorded every 5 min for the duration of the 
study. On arrival in the cardiac catheterization labo- 
ratory and after the measurement of baseline Spo, 
and arterial blood pressure, all patients received 
glycopyrrolate, 3 ug/kg IV. 

Patients in the propofol group received an analge- 
sic dose of fentanyl, 1 g/kg, followed by propofol in 
0.5-mg/kg boluses every 60 s titrated to an appropri- 
ate level of sedation (immobility, tolerance of limb 
restraints and of preparation of the groin with anti- 
septic solution). An hourly infusion rate of three 
times the total induction dose of propofol was admin- 
istered for maintenance of anesthesia. To decrease 
the likelihood of pain on injection, the propofol 
emulsion was diluted 1:1 with 5% dextrose solution, 
and the induction dose was preceded by intravenous 
lidocaine (0.1 mL/kg of a 0.1% solution). Patients in 
the ketamine group received ketamine, 2 mg/kg, as 
an intravenous bolus, followed by an infusion of 
2 mg:kg~?-h!. In addition, midazolam, 0.02 mg/kg, 
was administered hourly to prevent emergence delir- 
ium. 

The investigators were not blinded to the experi- 
mental groups during the procedure. If patient move- 
ment or crying occurred in either group, a bolus of 
one-half the total induction dose was administered 
and the infusion rate was increased by 50%. Changes 
in mean arterial blood pressure (MAP) or HR >20% 
from awake baseline values were noted. Decreases in 
digital pulse oximetry (Spo,) >5 points from the 
awake baseline value were noted. The results of 
arterial blood gas analyses were recorded whenever 
they were performed. Anesthetic drug infusions 
were discontinued when the groin bandage had been 
applied and the duration of the anesthetic and total 
drug doses were recorded. Postanesthesia recovery 
scores, modified from the method of Steward (8), 
were determined by an independent blinded ob- 
server from the time the infusion was stopped until 
discharge from the recovery room (Table 1). 

Results are expressed as the mean + sp. Data were 
analyzed using the unpaired Student's t-test, Fisher’s 
exact test, and Pearson’s linear regression analysis. 
Correlation coefficients were compared using 
Z-transformations. A P value < 0.05 was considered 


significant. 


Results 


All patients completed the study protocol and no 
patient required supplemental oxygen. There were 
no statistically significant differences between the 
groups with respect to age, weight, duration of 
catheterization, and baseline Spo, on room air. De- 
mographic data are summarized in Table 2. 
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Table 1. Recovery Scoring System’ 


Consciousness 
Awake 3 
Responds to verbal stimuli 2 
Responds to tactile stimuli 1 
Not responding 0 
Airway 
Cough on command or-cry 2 
Maintains good airway 1 
Requires airway assistance 0 
Motor 
Moves limbs purposefully 2 
Nonpurposeful movement 1 
Not moving 0 


"Modified from Steward (Reference 8). 


Patients in the ketamine group received a total of 
14 + 8 mg/kg (7.7 + 2.3 mg-kg~!-h~’). Patients in the 
propofol group received a total of 16 + 9 mg/kg (10 + 
4 mg-kg-'-h7*). Recovery from anesthesia, as as- 
sessed using the Steward scoring system, was signif- 
icantly more rapid in the vropofol group. The indi- 
vidual Steward scores for complete recovery of 
consciousness, airway reflexes, and motor function 
were achieved significantly more rapidly in the 
propofol group compared with the ketamine group. 
These data are summarized in Table 3. 

Linear regression analvses were performed be- 
tween time to complete recovery (Steward score of 7) 
and the following parameters: duration of anesthesia, 
drug dose per kilogram body weight, and drug dose 
per kilogram body weight per hour. Time to full 
recovery from ketamine correlated significantly with 
duration of anesthesia (r = 0.71, Figure 1) and total 
ketamine dose per kilogram (r = 0.82, Figure 2). 
There was no significant correlation, however, be- 
tween time to full recovery from propofol and dura- 
tion of anesthesia (r = 0.38) or total propofol dose per 
kilogram (r = 0.14). Time to full recovery did not 
correlate significantly with total drug dose per kilo- 
gram per hour in either group. 

Hemodynamic data are summarized in Table 4. 
There were no episodes of apnea, airway obstruction, 
or emesis in any patient, and no interventions were 
required to treat changes in HR or MAP. However, 
the number of patients experiencing MAP decreases 
> 20% (compared to baseline) during induction was 
significantly higher in the propofol group (P < 0.05). 
There were no episodes of significant decreases in HR 
or MAP after induction in either group. Several 
patients in the ketamine group had episodes of 
increased HR and MAP, but the frequency of these 
was not significantly different between the groups. 

During anesthetic induction, four patients in the 
propofol group showed arterial desaturations greater 
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Table 2. Demographic Data 
Spo, Age Weight Catheterization 
Patient (%) (yr) (kg) duration (min) Diagnosis 
Ketamine group 
1 93 4.6 20.0 115 Tetralogy of Fallot 
2 68 0.8 6.8 163 Hypoplastic left side of heart syndrome— 
stage | repair 
3 88 0.6 4.3 110 Tetralogy of Fallot 
4 100 4.9 17.6 65 Ventricular septal defect 
5 78 2.9 10.8 139 Ebstein's anomaly 
6 91 1.1 5.8 83 Truncus arteriosus, status post repair 
7 81 6.3 14.0 55 Tetralogy of Fallot, pulmonary atresia 
8 97 0.9 6.4 179 Truncus arteriosus 
9 85 1.0 5.8 77 Truncus arteriosus, status post repair 
10 100 1.5 10.3 95 Tetralogy of Fallot 
Mean + sp 88 + 10 2.4 + 2.1 10.2 + 5.4 108 + 41 
Propofol group 
1 62 1.1 7.5 130 Tetralogy of Fallot 
2 91 EI 7.9 97 Tetralogy of Fallot 
3 99 5.9 22.7 66 Anomalous left coronary, status post repair 
4 97 3.1 12.9 79 Tetralogy of Fallot, status post Blalock- 
` Taussig shunt 
5 77 L3 lad 187 Complex cyanotic heart disease status post 
Blalock-Taussig shunt 
6 88 4.0 14.0 111 Tricuspid atresia 
7 82 0.9 6.6 74 Double-outlet right ventricle 
8 86 5.5 20.0 113 Pulmonary stenosis, single ventricle 
9 100 2.8 15.1 101 Ventricular septal defect 
10 92 1.0 8.2 120 Ventricular septal defect 
Mean + sp 87 + 12 2.7 + 2.0 12.2 £ 5.7 108 + 35 
Spo digital oxygen saturation. 
Table 3. Recovery Scores Full Recovery from Ketamine/Midazolam 
Ketamine Propofol minutes 
(n = 10) (n = 10) ie 
Time to full consciousness (min) 132 + 90 24 + 19 a 
Time to airway recovery (min) 113 + 65 Ber ie 
Time to motor recovery (min) 82 + 42 17 + 9° 
Time to full recovery score (min) 139 + 87 24 + 19° 200 


Values are mean + sD. 
“P < 0.002, unpaired Student's t-test. 
’P < 0.001, unpaired Student's t-test. 


than five percentage points in Spo,, whereas none in 
the ketamine group showed this degree of change in 
Spo. There was no statistically significant relation- 
ship (Fisher’s exact test) between episodes of desat- 
uration on induction and type of congenital heart 
defect (i.e., tetralogy of Fallot physiology or direction 
of primary shunting). All of the episodes of desatu- 
ration, however, occurred on induction concomi- 
tantly with a transient decrease in blood pressure. 
There were no arterial desaturations greater than 10 
percentage points in either group. Arterial blood 
gases were obtained during the procedure and dem- 
onstrated no statistically significant differences be- 
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Figure 1. Linear regression analysis of time to full recovery 
(score = 7) from ketamine/midazolam with duration of anesthetic. 


tween the groups (Table 5). Blood gases were not 
obtained in all patients mainly because catheteriza- 
tions of the left side of the heart were not always 
required. 

The patients in the propofol group did not experi- 
ence any myoclonus or thrombophlebitis. There were 
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Figure 2. Linear regression analysis of time to full recovery 
(score = 7) from ketamine/midazolam with total ketamine dose. 


Table 4. Hemodynamic Effects 


Ketamine Propofol 
{n = 10) (n= 10) 


No. of patients with HR increase > 20% 2 0 
compared with baseline 

No. of patients with HR decrease > 20% 0 4 
compared with baseline 

No. of patients with MAP increase > 20% 4 0 
compared with baseline 

No. of patients with MAP decrease > 20% 1 T 
compared with baseline 

No. of patients with Spo, decrease > 5 0 4 
compared with baseline 


HR, heart rate; MAP, mean arterial blood pressure; Spo, digital oxygen 
saturation. 
“P < 0.05, Fisher's exact test. 


Table 5. Results From Analysis of Arterial Blood Gases 


Ketamine Propofol 
(n = 4) (n = 7) 
pHa 7.37 = 0.01 7.32 + 0.03 
Paco, (mm Hg) 36 + 4 41+5 
Pao, (mm Hg) 72 £ 22 78 + 24 
HCO,* (mEq/L) 2142 21+ 2 
Sao, (%) 92 + 6 91+7 


pHa, arterial pH; Paco,; arterial CO, tension; Pao,, arterial O, tension; 
Sao, arterial oxygen saturation. 
Values are mean + sD. 


no episodes of emergence delirium or unpleasant 
dreams in the ketamine group. No postoperative 
sequelae were reported in either group. 


Discussion 


Ketamine infusions have long been used to produce 
sedation and analgesia in pediatric patients undergo- 
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ing diagnostic or therapeutic procedures in radiology 
suites, cardiac catheterization laboratories, burn 
units, intensive care units, and radiation therapy 
units (9). However, ketamine is associated with a 
prolonged recovery period and emergence delirium. 
In addition, ketamine is often avoided in patients 
with tachycardia or hypertension, and its effects on 
pulmonary vascular resistance are controversial 
(10,11). Propofol is a new intravenous anesthetic that 
is noteworthy for rapid emergence. Its use in patients 
with congenital heart disease has not been previously 
reported. 

The results of the current study demonstrate that 
propofol was associated with markedly shorter recov- 
ery times compared with ketamine/midazolam. These 
results are not surprising considering previous inves- 
tigations of the recovery characteristics of propofol 
(2,4) and ketamine (12). The time to complete recov- 
ery from ketamine/midazolam correlated with both 
ketamine dose per kilogram and duration of anesthe- 
sia. No such correlations were found in the propofol 
group. This implies that ketamine/midazolam anes- 
thesia has a cumulative effect, whereas propofol 
anesthesia does not show this characteristic. The 
design of the current study was not adequate to 
speculate on the mechanisms causing this effect. 

It is important for pediatric patients undergoing 
cardiac catheterization to remain relatively immobile 
during the procedure to avoid cardiac perforation, to 
minimize radiation exposure, and to obtain techni- 
cally adequate angiograms. Spontaneous movements 
occur during both ketamine (1) and propofol (13) 
anesthesia, and they were noted in both groups in 
the current study. It is difficult to evaluate the inci- 
dence and degree of movement in the current study, 
as this was the criterion for increasing the dose of 
anesthetic in both groups, and the observers were not 
blinded to experimental group. It is the authors’ 
impression, however, that excessive movement was 
not a problem in either group. 

A potential disadvantage of propofol infusions is 
the lack of analgesia at subanesthetic plasma concen- 
trations. Fentanyl was added to the induction dose of 
propofol in the current study because, in a pilot 
study, excessive patient movement was noted during 
infiltration of local anesthetic into the groin. 

There was a higher incidence (P < 0.05) of de- 
creased arterial blood pressure during anesthetic in- 
duction in the propofol group. These episodes were 
defined as clinically significant by the study criteria, 
but tended to be transient and required no therapeu- 
tic interventions. The incidence of decreased HR 
and/or MAP may have been exaggerated by the study 
criteria because the baseline HR and MAP tended to 
be elevated in anxious children who had not received 
preanesthetic medication. It is possible that fentanyl 
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was partially responsible for the hypotension (14). 
The only decreases in Spo, occurred in the propofol 
group. These were mild (>5 percentage points, <10 
percentage points) and occurred only during hy- 
potensive episodes associated with anesthetic induc- 
tion. This suggests that the hemodynamic changes 
caused by propofol may have increased the right-to- 
left shunt in some patients. Alternatively, transient 
respiratory depression could have been the cause. 
Although no untoward effects occurred after these 
episodes, the authors believe that it is prudent to 
avoid propofol in critically ill pediatric patients pre- 
senting for cardiac catheterization. 

The transient decrease in Spo, after anesthetic 
induction with propofol in the current study con- 
trasts with the results in a similar group of patients 
studied by Greeley et al. (15). They found that Spo, 
increased with both ketamine and halothane/nitrous 
oxide anesthesia. It is difficult to compare these 
studies, however, because the patients in Greeley’s 
study were subjected to inhaled anesthetic inductions 
or intramuscular injections. These patients may have 
started with lower than their accustomed Spo, values 
because of crying or agitation. 

Benzodiazepines are frequently administered with 
ketamine to prevent emergence delirium. Midazolam 
could have prolonged the recovery period in the 
current study by two mechanisms: a sedative effect 
that is additive to ketamine or by delaying ketamine’s 
metabolism (1). 

In conclusion, propofol infusions with fentanyl 
analgesia were associated with significantly shorter 
recovery times than ketamine/midazolam anesthesia 
in pediatric cardiac catheterization procedures. In 
addition, propofol anesthesia did not exhibit the 
cumulative effect seen with ketamine/midazolam. 
The more rapid emergence associated with propofol 
may decrease recovery room stays. If overnight hos- 
pital stavs are avoided with use of the admittedly 
more expensive propofol anesthetic, then decreased 
overall costs for ambulatory pediatric patients admit- 
ted for cardiac catheterization or similar diagnostic 
and therapeutic procedures may be realized. Al- 
though toth anesthetic techniques were satisfactory, 
propofol anesthesia appears preferable in hemody- 
namically stable patients with congenital heart dis- 
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ease admitted for cardiac catheterization, but hypo- 
tension may limit the use of propofol in critically ill 
children. 


We thank James B. Eisenkraft, MD, for his critical review of the 


manuscript. 
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We conducted a randomized, double-blind trial to 
compare the efficacy of preincisional and postinci- 
sional wound infiltration with 1% lidocaine (40 mL) 
on the postoperative pain of 37 patients scheduled for 
elective inguinal herniotomy. The demand for addi- 
tional postoperative analgesics occurred earlier in 
those who received lidocaine infiltration after incision 
(165 min) than in those who received preincisional 
lidocaine (225 min, P < 0.05). The preincisional 


lidocaine infiltration group also had fewer patients 
requiring supplemental analgesics (58%) than the 
postincisional group (94%) (P < 0.05). We conclude 
that preincisional infiltration of the surgical wound 
with lidocaine is a more effective method of providing 
postoperative analgesia than is postincisional infiltra- 
tion. 

(Anesth Analg 1992;74:495-8) 





acute pain explain the continuing pain after 

trauma (surgery) as being due to posttraumatic 
functional changes in both the peripheral nervous 
system (hyperalgesia) and the central nervous system 
(hyperexcitability) (1). These changes lead to an in- 
crease in perception of pain from normal nonpainful 
stimulation (2). Inhibition of these changes may be of 
value in the reduction of postoperative pain. Several 
clinical studies have shown that local anesthetic- 
induced neural blockade is effective in relieving post- 
operative pain (3-7), but they have focused on post- 
operative application of local anesthetic and were not 
randomized. 

Pretraumatic versus posttraumatic infiltration with 
the purpose of pain prevention rather than pain 
treatment has not yet been addressed in a random- 
ized design. The aim of our study was to compare 
preincisional and postincisional infiltration of the 
surgical area with local anesthetic. 


i vate pain studies of the pathophysiology of 


Methods 


The study was randomized and double-blinded as 
both the patients and the investigators participating 
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in the pain assessment were blinded to the treatment 
type. It was approved by the Danish National Health 
Service and the Copenhagen County Scientific- 
Ethical Committee and was in accordance with the 
second Declaration of Helsinki. The patients entered 
the study after giving informed consent. 

Adult patients (ASA physical status I or II) sched- 
uled for elective surgery for lateral inguinal herniot- 
omy during general anesthesia were eligible for the 
study. Medial and lateral herniotomy involved differ- 
ent surgical procedures. In an attempt to increase 
precision in the treatment comparisons, we included 
in the study only patients having a lateral hernia 
repair. As the preoperative distinction between lat- 
eral and medial hernia is not always possible, some 
patients entered the trial provisionally but during 
surgery proved to have medial hernias. They were 
excluded from further study. 

Premedication consisted of 0.2 mg/kg of diazepam 
administered orally 1 h before surgery. The herniot- 
omies were performed with general anesthesia in- 
duced by intravenous thiopental and maintained 
with isoflurane (0.5%-2%) and N,O/O, (2:1). Muscle 
relaxation was accomplished with vecuronium. No 
opioids or other analgesics were given before or 
during surgery. 

The patients were allocated to infiltration of the 
surgical area with 1% lidocaine plain (40 mL) either 
5 min before skin incision (preincisional group) or 
immediately before skin closure (postincisional 
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group). Lidocaine was used as we wanted a short- 
acting local anesthetic to monitor the declining effect 
in a 6-h postoperative period. 

The infiltration technique was standardized as 
follows: In the group receiving preincisional infiltra- 
tion, the subcutaneous tissue in the proposed area 
was infiltrated with 1% lidocaine 5 min before inci- 
sion. A 60-mm 21-gauge needle was inserted in the 
center of the area, and the medial and lateral parts of 
the proposed skin incision were infiltrated (20 mL). 
With the needle still in central position, a fan-shaped 
application of 1% lidocaine (20 mL) was administered 
under the external abdominal fascia. In the group 
receiving postincisional infiltration, the fascia was 
infiltrated in the lateral cranial, lateral caudal, medial 
cranial, and medial caudal parts with 20 mL of 1% 
lidocaine after closure of the external abdominal 
fascia. Afterwards, the subcutaneous tissues were 
infiltrated with 1% lidocaine (20 mL in both the 
cranial and caudal skin edges). 

Pain was evaluated repeatedly throughout the 6 h 
after skin incision at rest, during cough, and during 
mobilization from supine to sitting position in the 
bed. Pain intensity was scored on a verbal rating scale 
(0 = no pain, 1 = slight pain, 2 = moderate pain, 3 = 
strong pain, 4 = unbearable pain) and on a self-rating 
visual analogue scale (VAS). Skin incision represent- 
ing trauma initiation was chosen as point zero in 
time. The patients on demand received a mild anal- 
gesic (acetaminophen, aspirin, naproxen) or opioid 
for additional pain treatment. Time to analgesic re- 
quest was registered. 

The proportion of patients needing supplementary 
analgesic at least once within the first 6 h was our 
main end-point according to the protocol. It was 
assumed that postincisional administration of local 
anesthetic only had an analgesic effect correlating 
with the short-acting neural blockade (2 h). The 
probability of analgesic request in the postincisional 
group after 6 h was therefore assumed to be around 
0.95. The difference not to be overlooked was stipu- 
lated as 0.45, the risk of type I error as 0.05, and the 
risk of type II error as 0.05. According to this method, 
the necessary fixed sample size was calculated as 
roughly 20 patients in each group (8). 

Comparison between groups was based on the 
Mann-Whitney test, life table methods, the log-rank 
test, and nonparametric methods of variance analysis 


(9). 


Results 


We randomized 51 patients to obtain the estimated 
sample size. Thirteen were subsequently rejected 
because of medial hernias, and one was excluded 
because of hematoma in the wound requiring sur- 
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Table 1. Demographic Data From 37 Patients 
Undergoing Elective Lateral Inguinal Herniotomy Under 
N,O-O, and Isoflurane Anesthesia 





Preincisional Postincisional 





group group 

(n = 19) (n = 18) 
Age (yr) 46 (18—68)" 49 (18-68)* 
Weight (kg) 68 (48-96)" 74 (53-93)" 
Height (cm) 174 (162-190)" 176 (163-190)" 
Duration of surgery (min) 45 (30-71)" 48 (24-71)* 
Site of surgery (left:right) 6:13 rine 
Male:temale 16:3 1721 





“Median (range) 





0 


Figure 1. Percentage of patients undergoing inguinal herniotomy 
without need of supplementary analgesics in the 6-h postoperative 
period. Preincisional (@ @) or postincisional (O O) infiltra- 
tion of the surgical area with 40 mL of 1% lidocaine. Zero at the 
horizontal scale indicates start of skin incision. 








gery. Demographic characteristics did not differ be- 
tween the two groups (Table 1). 

Median time to postoperative analgesic request 
was significantly shorter in the postincisional group 
(2.75 h) compared to the preincisional group (3.75 h) 
(Mann-Whitney, P < 0.05) (Figure 1). 

The number of supplementary analgesic doses 
requested in the postincisional group was about twice 
the number requested in the preincisional group. In 
Table 2, patients are depicted according to the num- 
ber of analgesic doses. After 6 h (Figure 1), 94% 
(17/18) in the postincisional group had received sup- 
plementary analgesics versus 58% (11/19) in the pre- 
incisional group (P < 0.05, log-rank test). 

Postoperative pain scores were lower in the prein- 
cisional group than in the postincisional group, al- 
though the difference was not significant (Figure 2). 


Discussion 


According to the recent hypothesis regarding “pre- 
vention rather than treatment,” improved pain relief 
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Table 2. Number of Patients Needing Supplementary 
Doses of Analgesics’ 


95% 
Confidence 
Preincisional Postincisional limits on 
group group the 
(n = 19) (n =18) difference 
No need of analgesics 8 (42%) 1 (6%) B%-66% 
One dose of AA or 6 (32%) 6 (33%) 
acetaminophen 
More than one dose of 5 (26%) 11 (61%) 8%-64% 
AA or acetaminophen 
or additional dose of 
naproxen 


AA, acetylsalicylic acid. 

“One dose is equivalent to aspirin 1 g + codeine 20 mg orally or 
acetaminophen 1 g orally or naproxen 1 g rectal suppository. 

Median number of doses in preincisional group = 1 (range = 1-3). 
Median number of doses in postincisional group = 2 (range = 1-3). P < 0.05 
(Mann-Whitney test). 


after surgery may be achieved by blocking the postin- 
jury pain hypersensitivity. One trial of femoral nerve 
block in patients undergoing knee joint reconstruc- 
tion surgery found preoperative nerve block more 
effective than postoperative nerve block in prevent- 
ing postoperative pain (10). The study was not ran- 
domized. 

Regarding postoperative pain relief, we found pre- 
incisional lidocaine infiltration superior to postinci- 
sional infiltration based on the larger analgesic re- 
quirements at an earlier postoperative period in a 
greater proportion of the postincisional group, together 
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with higher, although statistically insignificant, pain 
scores. However, the difference in administration of 
analgesic makes the pain score invalid in treatment — 
comparison. The main reason for obtaining pain scores 
was to assure that a difference in analgesic consump- 
tion was not coincident with higher pain scores in the 
treatment group with the smallest analgesic request. 

If pain relief obtained from infiltration with lidocaine 
(short-acting, 1-2 h) was due only to peripheral neural 
blockade, one would expect the postoperative time 
with sufficient analgesia to be shortest in the preinci- 
sional group as administration was 30-45 min before 
the postincisional infiltration. In contrast, we found the 
median time from skin incision to analgesic request 
surprisingly long in the preincisional group (3.75 h) 
compared with the postincisional group (2.75 h). After 
6 h, 42% of the patients stil] had no requirements for 
supplementary analgesics in the preincisional group 
versus 5% in the postincisional group. The difference 
between treatments might be simply explained by bet- 
ter local absorption of local anesthetic after injection 
into intact tissue rather than into tissue with anatomic 
planes that had been disrupted by surgical dissection. 
We tried to minimize this source of error by standard- 
izing the application technique of local anesthetic and 
by using a large volume (40 mL) to make it probable 
that a sufficient infiltration was obtained in the post- 
incisional group. 

Our findings strongly support the pathophysio- 
logic theory that prevention of hyperalgesia and/or 
central nervous system hyperexcitability owing to the 
afferent barrage from the surgical area is of major 





Figure 2. Median postoperative pain scores during rest (left), cough (middle), and mobilization (right) after inguinal herniotomy with 
preincisional (@——-®) or postincisional (O-——C) infiltration of the surgical area with 40 mL of 1% lidocaine. Zero at the horizontal scale 
indicates start of skin incision. VER, verbal rating scale (0 = no pain, 1 = slight pain, 2 = moderate pain, 3 = strong pain, 4 = unbearable 


pain). VAS, self-rating visual analogue scale (0-10). 


i 
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importance in reducing acute pain (2,11). When local 
anesthetic is applied postoperatively, peripheral hyper- 
sensitivity and central nervous system hyperexcitability 
have already developed, and postoperative pain relief 
is less pronounced. Whether the pain reduction ob- 
tained from preincisional infiltration is due mainly to 
prevention of peripheral hypersensitivity or to preven- 
tion of central nervous system hyperexcitability re- 
mains unknown. Experimental studies (1,2) suggest 
that both mechanisms are involved. 

In addition to their capability of producing neural 
blockade, amide local anesthetics have potent and long- 
lasting antiinflammatory qualities (12-15). Preinfiltra- 
tion of a trauma site with amide local anesthetics might 
thus inhibit nociceptive input to the central nervous 
system both by neural blockade and by impeding the 
release of inflammatory noxa suggested to mediate 
nociceptive information to the central nervous system 
(16). 

A recent study (17) found that preincisional infil- 
tration of 0.5% bupivacaine in combination with 
general anesthesia was superior to spinal anesthesia 
with 0.5% bupivacaine in relieving postoperative 
pain. This suggests that central blockade is less 
effective than peripheral neural blockade in prevent- 
ing nociceptive impulses from entering the central 
nervous system and generating the hyperexcitable 
state. 

The findings of Tverskoy et al. (17) and the finding 
in our study suggest that the inhibition of peripheral 
sensitization may be of major importance in imped- 
ing the development of acute pain and explain why 
prevention is important in handling operative pain. 

In conclusion, preincisional lidocaine infiltration was 
found to be significantly superior to postincisional 
lidocaine infiltration in relieving early postoperative 
pain after elective, lateral inguinal herniotomy. 
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Enhancement of Bupivacaine Sensory Blockade of Rat 
Sciatic Nerve by Combination With Phenol 


Grigory Kizelshteyn, MD, Mosses Bairamian, MD, Mario A. Inchiosa, Jr., PhD, 


and Joseph E. Chase, AB 


Departments of Anesthesiology and Pharmacology, New York Medical College, Valhalla, New York 


We sought to determine whether the addition of 
phenol would enhance a bupivacaine nerve block. 
The effects on nerve conduction of bupivacaine 
(0.125%) and phenol (0.5%), singly and combined, 
were evaluated in vivo on the rat sciatic nerve. Three 
groups of 10 animals each were used. The left sciatic 
nerve was infiltrated with 0.125% bupivacaine, 0.5% 
phenol, or a solution that contained 0.125% bupi- 
vacaine and 0.5% phenol. The right limb served as 
control (saline injected). Motor deficits (visual assess- 
ment) and sensory blockade (hot-plate assay) were 
evaluated at 30-min intervals after injection. Phenol 
injected alone produced no motor blockade. The 
incidence of motor blockade at 30 min for 0.125% 
bupivacaine was 70% (P = 0.003), and for the combi- 
nation treatment, 80% (P = 0.001). The analgesia 


sis that two local anesthetics that have different 
mechanisms of action in blocking nerve con- 
duction may produce an enhanced degree of block- 
ade when used in combination. This hypothesis was 
originally presented and addressed in studies by 
Staiman and Seeman (1) who examined the possible 
synergism between the neutral (uncharged) agent, 
benzyl alcohol, and lidocaine on the isolated 
desheathed frog sciatic nerve and concluded that 
there was a synergism that was small but consistent. 
The present study differs from this earlier work in the 
drugs that were evaluated and in the use of the whole 
animal versus the isolated nerve; also, the question 
posed by the hypothesis is still valid as neutral local 
anesthetic agents may have a different locus of action 
than the tertiary amine anesthetics in blocking Na*- 
channel function (2,3). 
The effects of a neutral and amine local anesthetic, 
as single drugs and combined, were tested in Sprague- 


l! These studies were undertaken on the hypothe- 
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score derived from the hot-plate test was more and 
persisted longer for the combination treatment than 
for either 0.125% bupivacaine or 0.5% phenol given 
singly; e.g., the average sensory block score after 
150 min for the combination treatment was 1.0 com- 
pared with 0.1 for either bupivacaine or phenol given 
alone (P = 0.003). Analysis of the areas under the 
sensory score-time curves also demonstrated en- 
hanced blockade from the combination treatment, 
which would be consistent with a synergism of the 
separate Na*-channel blocking effects of charged and 
uncharged local anesthetics. These findings may sug- 
gest other candidates for clinically useful combina- 
tions of amine and neutral local anesthetics. 

(Anesth Analg 1992;74:499-502) 


Dawley rats by infiltrating the sciatic nerve of one limb 
with solutions of 0.125% bupivacaine or 0.5% phenol 
and by comparing their motor and sensory effects with 
a combination of the two drugs at the same final 
concentrations. Although there is considerable concern 
about the irreversible toxic effects of concentrated solu- 
tions (5%~—10%) of phenol on nerves (4), a concentration 
of 0.5% phenol would not be expected to have neuro- 
lytic effects (5), especially in the manner in which it was 
injected in vivo in these experiments. In fact, 0.5% 
phenol is contained in preparations (Anbesol Gel and 
Anbesol Liquid, Whitehall Laboratories, New 
York, N.Y.) currently approved for application to mu- 
cous membranes for the relief of dental pain. 

These studies are somewhat analogous to other 
therapeutic approaches that attempt to combine the 
efficacies of two or more drugs without necessarily or 
proportionately adding their toxicities. 


Methods 


Sprague-Dawley male rats weighing 210-290 g were 
used with the approval of the Institutional Animal 
Care and Use Committee of New York Medical Col- 
lege. The animals were randomly divided into three 
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groups of 10; one group was injected with 0.125% 
bupivacaine (0.25% Sensorcaine mixed with an equal 
volume of saline), the second group received 0.5% 
phenol (in saline), and the third group received a 
single injection containing a solution that was 0.125% 
bupivacaine and 0.5% phenol (0.25% Sensorcaine 
mixed with an equal volume of 1% phenol in saline). 
These solutions were injected into the left lower 
extremity of the rats in the area under the skin at the 
junction of the biceps fernoris and gluteus muscles 
(6). The sciatic nerve was infiltrated with weight- 
adjusted volumes of solutions (0.3 mL/225 g body 
wt). No separate measure was used to determine the 
proximity of the injection to the nerve; only motor/ 
sensory effects were evaluated after injection. 

Reagent grade liquid phenol (minimum analysis, 
89%) was used to prepare the injection solutions. The 
injection solutions contained 0.5% by volume of this 
liquid phenol. As liquid phenol has a density of 1.071 
g/mL, and assuming the minimum analysis of 89%, 
the injection solutions would also be 4.8 mg/mL (or 
0.48% by weight). 

The experiments were carried out by two investi- 
gators; both individuals were blinded to the identity 
of the injection solutions. All animals were injected 
with the test solution in the left leg by the same 
person using tuberculin syringes and 26-gauge, 0.25- 
in. needies. The same weight-adjusted volume of a 
control solution of normal saline was injected into the 
right extremity at the same anatomic location that had 
been used for the test solutions in the left leg; thus, 
each animal served as its own control in regard to 
sensitivity to a mildly noxious stimulus to the hind 
feet. 

After the injections, the animals were observed by 
the second investigator at 30-min intervals for motor 
and/or sensory blockade. (As the solutions containing 
phenol emitted a faint odor, it was considered impor- 
tant that the investigator performing the injections 
not be involved in evaluating local anesthetic effects.) 
The presence of motor blockade was determined as 
described by Camougis and Takman (6). The animals 
were evaluated on an open table top before being 
tested for sensory blockade. Normally in the rat, the 
digits of the foot are spread apart and the rear hocks 
are above the table surface as the animal walks. When 
there is motor conduction blockade, the digits are 
close together and the hocks may rest on the surface; 
also, the animal may noticeably drag its leg. In view 
of the purely visual nature of these evaluations, no 
attempt was made to grade the degree of motor 
conduction blockade; blockade was rated as either 
present or absent (6). 

Sensory blockade was evaluated with a hot-plate 
technique that is commonly used to measure analge- 
sia in rodents (7). The surface of the apparatus 
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Table 1. Incidence of Motor Conduction Blockade 
Produced by 0.125% Bupivacaine, 0.5% Phenol, and 
Bupivacaine + Phenol at 30 and 60 Minutes After 
Injection 


0.125% Bupivacaine + 
Bupivacaine 0.5% Phenol phenol 
30 min 60 min 30 min 60 min 30 min 60 min 
7/107 4/10 0/10 0/10 8/10° 4/10 


“P = 0.003 versus phenol at 30 min. 
*P = 0.001 versus phenol at 30 min. 


(THERMAJUST, Technilab Instruments, Pequan- 
nock, N.J.) was thermostatically maintained at 51°C. 
The assay is based on the typical response of the rat 
to the perception of heat discomfort in a hind paw, 
which is to raise the paw and lick it. Scores of 0 to 3 
were given according to the sequence of the hind- 
paw licking pattern. Licking of the right paw (control 
injection) is designated R; licking of the left paw (local 
anesthetic injection) is designated L; the first three 
paw responses were recorded. Thus, a repeated 
licking of the right paw, RRR, was given the highest 
sensory score of 3; RRL = 2; RLR = 1; LRR = 1; RLL 
= 1; all other sequences = 0. In establishing this 
scoring system, weight was given not only to the 
number of times that the control paw was repre- 
sented among the three responses but also to which 
paw was licked first. For example, although a score of 
2 was given to a sequence of RRL, the sequence LRR 
was rated lower because the first paw licked was on 
the anesthetic-injected leg. The area under the time- 
effect (analgesia score X minutes) curve was deter- 
mined for each animal by the trapezoid method of 
calculation. 

Differences in motor conduction blockade among 
the treatment groups were analyzed with the two- 
tailed Fisher exact probability test. As the sensory 
blockade data were most representative of ordinal 
data, nonparametric analyses were performed. 
Kruskal-Wallis one-way analysis of variance was 
used in these cases (8), with application of Bonferroni 
or Scheffe (9) criteria for statistical significance of 
subgroup analyses as required. (In a preliminary 
report of these studies [10], parametric analyses were 
used; in the present report, nonparametric analyses 
were chosen to be more appropriate and rigorous.) 


Results 


The frequency of motor blockade in the three treat- 
ment groups when evaluated at 30 and 60 min after 
the injections is presented in Table 1; motor blockade 
did not extend beyond 60 min in any animal. None of 
the rats injected with 0.5% phenol showed motor 
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SENSORY BLOCK SCORE 


0 ks 
0 30 60 90 120 150 180 210 240 270 300 330 


MINUTES 


Figure 1. Sensory score versus elapsed time (min) after infiltration 
of sciatic nerve with 0.125% bupivacaine (O - - O), 0.5% phenol 
(QA ++ A), or bupivacaine + phenol (3—1). Means and standard 
errors of the means are presented. *P = 0.030 for bupivacaine + 
phenol versus phenol. **P = 0.003 for bupivacaine + phenol 
versus bupivacaine or phenol. 


blockade. The groups that received bupivacaine dem- 
onstrated statistically significant degrees of motor 
blockade at 30 min compared with the phenol group; 
the differences at 60 min were not statistically signif- 
icant. 

Figure 1 presents the means and standard errors of 
the means for the intensity of sensory blockade for 
each treatment group at 30-min intervals. In the 
animals that received bupivacaine, it must be consid- 
ered that the analgesia score during the first 60 min 
may have had a component attributable to motor 
blockade; thus, the scores described below as sensory 
or analgesia scores may be viewed as the sum of the 
effects of both types of conduction blockade for this 
early period. However, inspection of the data does 
not reveal any discontinuities that would suggest any 
significant motor contribution to the scores. Statistical 
analyses were limited to the period when all treat- 
ment groups were represented, i.e., 30-150 min. 
Unfortunately, data were not collected beyond 
150 min in the groups that received only phenol or 
bupivacaine because sensory blockade scores in those 
groups were virtually 0 at 150 min and further mea- 
surements were not deemed necessary at the time. 
Only after the code was broken was it recognized that 
they were the groups that had received single agents. 
Analyses of variance for each time during the 30-150- 
min period indicated that there were statistically 
significant differences among the groups at 60 and 
150 min (P = 0.028 and P = 0.00013, respectively). 
Subgroup analyses at 60 min showed that the princi- 
pal difference was for bupivacaine + phenol versus 
phenol (P = 0.030). Subgroup analvses at 150 min 
showed differences for bupivacaine + phenol versus 
phenol (P = 0.003) and bupivacaine + phenol versus 
bupivacaine (P = 0.003). At no time interval was 
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Table 2. Areas Under Time—Effect Curves of Sensory 
Blockade for 0.125% Bupivacaine, 0.5% Phenol, and 
Bupivacaine + Phenol" 


0.125% Bupivacaine 
Bupivacaine 0.5% Phenol + phenol 
Mean 131 76 195° 


SE 27 16 28 


“Units = sensory score X minutes. 
*p = 0.021 versus phenol. 


there any statistically significant difference between 
bupivacaine and phenol given singly. Although sta- 
tistical analyses could not be extended beyond 
150 min, an apparent prolongation of sensory block- 
ade with bupivacaine + phenol is observed phenom- 
enologically from the data. 

The areas under the curve for the time-effect 
curves of sensory blockade are summarized by treat- 
ment group in Table 2. Analysis of variance demon- 
strated statistically significant differences among the 
groups (P = 0.008); subgroup analyses with Bonfer- 
roni criteria for multiple comparisons revealed that 
this significance was primarily due to the difference 
between the sensory blockade produced by bupi- 
vacaine + phenol versus phenol alone (P = 0.021). As 
bupivacaine alone did not produce any statistically 
significant difference in sensory blockade as com- 
pared with phenol alone, the data for both groups 
were combined and tested against the time-effect 
areas under the curve for bupivacaine + phenol; this 
comparison showed a statistically significant differ- 
ence (P = 0.045 with Scheffe criteria). 

All local anesthetic effects reversed with time (Fig- 
ure 1), and there was no evidence of nerve damage in 
animals injected with either active drugs or the con- 
trol solution. 


Discussion 


The groups of animals that received 0.125% bupi- 
vacaine either alone or in combination with phenol 
showed a significant incidence of motor blockade in 
the 30-min period after injections that infiltrated the 
sciatic nerve; 0.5% phenol produced no motor effects 
(Table 1). It is possible that phenol would have 
produced motor blockade at a somewhat higher dose, 
but it was the intention in this study to limit the dose 
of phenol to that which would not be expected to be 
overtly neurotoxic (4,5). Apparently, the dose of 
phenol used was adequate to reduce conduction in 
unmyelinated fibers but was not concentrated 
enough to block myelinated axons. 

The combination of 0.125% bupivacaine and 0.5% 
phenol resulted in a greater degree of sensory block- 
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Figure 2. Schematic depiction of hydrophilic access of a tertiary 
amine local anesthetic, bupivacaine, to Na* channels via the 
axoplasm and hydrophobic access of a neutral anesthetic, phenol, 
via the membrane (see text). 


ade than either agent alone (Figure 1 and Table 2); the 
data suggest that synergism existed between the 
effects of the two drugs on sensory conduction. Such 
synergism is consistent with the proposals of differ- 
ential blocking actions on Na* channels; neutral local 
anesthetics are considered to have a primarily hydro- 
phobic access to the site at which they block Na’ 
channel function, whereas the tertiary amine anes- 
thetics (e.g., bupivacaine) have a primarily hydro- 
philic access (2,3). Figure 2 presents this concept in 
the usual schematic form; the synergism of these two 
blocking effects may explain the observation of an 
enhanced effect of bupivacaine + phenol on sensory 
blockade (Figure 1 and Table 2). 

We did not determine the concentration of bupi- 
vacaine that would have been required to attain the 
same degree and duration of sensory blockade when 
given alone as that obtained with the combination 
treatment. Although it probably would be possible to 
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match the sensory blockade of the combination treat- 
ment by using concentrations of bupivacaine larger 
than 0.125%, the increased risk of systemic toxicity 
may be more than by the use of an adjunct (neutral 
anesthetic). There was no evidence of irreversible 
effects of 0.5% phenol in these studies; other neutral 
local anesthetics may also be considered for combi- 
nation treatments. 
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To identify and quantitate complications occurring in 
the postanesthesia care unit (PACU), a prospective 
study evaluated 18,473 consecutive patients entering 
a PACU at a university teaching hospital. Using a 
standardized collection form, the incidence of intra- 
operative and PACU complications was determined. 
The combined PACU and intraoperative complication 
rate was 26.7%. Data showed a PACU complication 
rate of 23.7%, with an overall intraoperative compli- 
cation rate of 5.1%. Nausea and vomiting (9.8%), the 
need for upper airway support (6.9%), and hypoten- 
sion requiring treatment (2.7%) were the most fre- 
quently encountered PACU complications. Patients 
in whom PACU complications developed were ana- 
lyzed by ASA physical status. Of all patients experi- 
encing nausea and vomiting (n = 1571), the highest 
percentage were ASA physical status II patients (n = 


istorically, efforts to define and identify fac- 

tors associated with increased patient mor- 

bidity have focused on the intraoperative 
period. Few studies have examined the relationship 
between intraoperative factors and events occurring 
later during the postanesthesia period (1-6). Studies 
by Cohen et al. (7) and Zelcer and Wells (1) have 
demonstrated that the overall incidence of complica- 
tions occurring during the postanesthesia care unit 
(PACU) stay may be higher than previously expected 
(10%-18%). To establish a baseline rate of anesthesia- 
related events occurring both in the PACU and in the 
operating room, Cooper et al. (8) compiled data on 
12,088 patients. They evaluated the incidence of 
“recovery room—impact events” (RRIE). An RRIE was 
defined as “an unanticipated, undesirable, possibly 
anesthesia related effect that required intervention, 
was pertinent to recovery room care, and did or could 


cause mortality or at least moderate morbidity.” 
Although this study provided RRIE data, only 75% of 
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831). Likewise, in the group of 1450 patients who 
demonstrated a need for upper airway support, 792 
were ASA physical status II. In patients experiencing 
a major cardiovascular complication, for example, 
variables associated with a greater risk of developing 
any PACU complications were ASA physical status 
(status II), duration of anesthesia (2—4 h), anesthetic 
technique, emergency procedures, and certain types 
of surgical procedures (orthopedic or abdominal). For 
patients admitted with a temperature of <35°C the 
duration of the PACU stay was 152 + 46 min com- 
pared with 116 + 65 min for patients with a temper- 
ature =36°C (P < 0.01). In conclusion, events occur- 
ring during the PACU period continue to be a source 
of patient morbidity. 

(Anesth Analg 1992;74:503-9) 


all PACU admissions were included as participation 
was voluntary (at the discretion of the attending 
anesthesiologist). In addition, this study did not 
specifically record the overall PACU complication 
rate or identify specific variables that might be asso- 
ciated with development of these PACU complica- 
tions. Therefore, to identify more precisely and to 
quantitate events associated with PACU complica- 
tions, we conducted a prospective study to investi- 
gate the incidence of intraoperative and postopera- 
tive complications among 18,473 consecutive patients 
admitted to the PACU at a university-based hospital. 
We also hypothesized that a relationship may exist 
between intraoperative events and PACU complica- 
tions. Therefore, the incidence of intraoperative com- 
plications and their impact on PACU events were also 
determined. 


Methods 


After approval from Yale University’s Human Inves- 
tigation Committee, a prospective study was per- 
formed on 18,473 consecutive patients (age range, 
3 wk-92 yr) admitted to the PACU during the period 
from October 1986 through June 1989. Patients re- 
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Table 1. Intraoperative and Postanesthesia Care Unit 
Complication Data Base—Definitions 


Complication (%) 
Any complication 

Hypertension® 

Hypotension“ 
Fluid challenge 
Vasopressor 

Dysrhythmia requiring treatment 
Atrial fibrillation 
Premature atrial contractions 
Premature ventricular contractions 
Tachycardia“ 
Bradycardia* 
ST-segment changes 
Other 

Nausea/vomiting 

Drug reaction 

Sore throat 

Stridor 
Aspiration 

Wheezing 

Upper airway support 
Short-term endotracheal tube 


Vezbal 
Major respiratory difficulty 
Reintubation 
Rule out myocardial infarction 
Major cardiac event 
Cardiorespiratory arrest 
a 
Myocardial infarction 
Pulmonary edema 
Shock 
Ischemia 
Other 
Altered mental status 
Confusion 
Somnolence 
Other 


“Defined criteria: hypertension, diastolic pressure >110 mm Hg; hypo- 
tension, mean pressure <60 mm Hg; tachycardia, heart rate =100 beats/min; 
bradycardia, heart rate 350 beats/min. 


quiring direct admission to an intensive care unit 
(ICU) after operation were excluded from the study. 
Complications were divided into the following cate- 
gories: intraoperative, PACU, and combined (PACU 
and intraoperative) complications. A standardized 
form was used to collect data from the Anesthesia 
Care Team and the PACU staff, and a defined group 
of complications was identified (Table 1). The results 
of these were merged with a departmental data base. 
Data are expressed as percentage mean + standard 
deviation. Statistical analysis was performed using 
x’, Student’s-t test for unpaired data, and analysis of 
variance with P < 0.05 considered significant. 
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Results 
Intraoperative Complications 


The combined PACU and intraoperative complica- 
tions rate was recorded at 26.7%. The overall intra- 
operative complication rate was recorded at 5.1%, 
and the PACU rate was 23.7%. The proportion of ' 
patients sustaining both intraoperative and PACU 
complications was 1.6 times that of patients with a 
PACU complication alone (36.0% vs 22.1%). Of all 
complications encountered during the intraoperative 
period, hypertension and hypotension were associ- 
ated with the greatest potential for the development 
of complications during the PACU stay. The propor- 
tion of patients who experienced both intraoperative 
hypertension and any PACU complication was 1.8 
times (33.4% vs 22.7%) that of patients with PACU 
complications in whom intraoperative hypertension 
did not develop. Similarly, the development of intra- 
operative hypotension was associated with a 1.6 
times larger increase in the overall PACU complica- 
tion rate (P < 0.01). In addition, patients who sus- 
tained an intraoperative complication remained 
longer in the PACU than did those without intraop- 
erative complications (135 + 21 vs 110 + 26 min, 
respectively; P < 0.01). 

Variables found to affect the incidence of intraop- 
erative complications are ASA classification, duration 
of anesthesia, anesthetic technique, emergency or 
elective procedure, and type of surgical procedure. 
The highest percentage of intraoperative complica- 
tions was seen in the following patient groups: ASA 
status III patients (49.5%, n = 3812), those undergo- 
ing emergent surgical: procedures (53.4%, n = 3155) 
or abdominal surgery (20.8%, n = 3750), or those 
undergoing procedures with a duration between 2 
and 4 h (48.2%, n = 10,144), (P < 0.01). 


PACU Complications 


During this 2.5-yr study period, the overall PACU 
complication rate was 23.7% (combined PACU and 
intraoperative complication rate, 26.7%). A higher 
incidence of PACU complications was seen in those 
patients who received a general anesthetic than in 
those who were given either a regional or monitored 
anesthetic (P < 0.001). Of the patients studied, 15,213 
(82.3%) received a general anesthetic; of these 25% 
experienced a PACU complication. Of the 2763 pa- 
tients (18.1%) who were given regional anesthesia, 
only 13.5% had a PACU complication (P < 0.01). 
The type of surgical procedure performed was 
found to have a considerable impact on the overall 
incidence of PACU complications. The complication 
rates accompanying vascular, chest, orthopedic, ab- 
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PROCEDURE 


Figure 1. Percentage of PACU complications by surgical procedure 
and percentage of patients undergoing a specific procedure. It is 
evident that the greatest percentage of PACU complications oc- 
curred in patients having either abdominal (18.6%) or orthopedic 
procedures (26.2%). 
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Figure 2. Major PACU complications by percentage of occurrence 
and number (above the bar) of patients experiencing each compli- 
cation. Nausea ard vomiting was the most frequently observed 
PACU complication, occurring in 9.8% or 1810 patients. 


dominal, neurosurgical, otolaryngologic, urologic, 
and gynecologic procedures are shown in Figure 1. 
Abdominal and orthopedic procedures were associ- 
ated with a statistically significant increase in the 
overall PACU complication rate when compared with 
all other surgical procedures (P < 0.01). Abdominal 
procedures resulted in a PACU complication rate of 
18.6%, whereas orthopedic procedures were associ- 
ated with a rate of 26.2%. 

The major PACU complications by percent occur- 
rence are illustrated in Figure 2. Of all recorded 
complications, nausea and vomiting was the most 
frequently observed (9.8%). Nausea and vomiting is 
influenced more by the operative procedure (i.e., 
abdominal, gynecologic vs orthopedic or urologic, 
P < 0.01) than by the choice of anesthetic technique 
(i.e., general vs regional). Upper airway support was 
required in 6.9% of patients. Further examination of 
these data (patients requiring upper airway support) 
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Figure 3. Anesthetic duration and its impact on PACU complica- 
tions. Patients whose anesthetic duration ranged between 2 and 


4 h experienced the greatest number of PACU complications 
(51.2%). 


shows that 47% of the patients were managed with 
nasal airway support whereas 24% received pharyn- 
geal airway support. Only 21 of all patients requiring 
prolonged airway suppor? (0.02%) required tracheal 
reintubation (which was the subject of a separate 
report) (9). Pulse oximetry was not routinely available 
during the early phase of the study at our institution; 
therefore, data on the overall incidence of hypoxemia 
was not collected. However, during the last 6 mo of 
the study, oxygen saturation monitoring was per- 
formed continuously on all PACU patients. A total of 
3540 patients included in our data base of 18,473 were 
examined after the introduction of this routine pulse 
oximetry monitoring. Of these patients, the percent- 
age that had a room air saturation <90% at the time of 
discharge was only 3.2% (421 patients). 

With regard to specific cardiovascular complica- 
tions, hypotension requiring treatment was observed 
in 2.7% (498 patients) of the entire study population. 
Dysrhythmias requiring treatment and, most fre- 
quently, sinus tachycardia occurred in 1.4% (259 
patients). Hypertension requiring treatment of dias- 
tolic pressure =110 mm Hg was recorded in 1.1% (203 
patients) of the patients studied. Major cardiac events 
defined as either pulmonary edema or myocardial 
ischemia had the lowest recorded complication rates 
of 0.1% (18 patients) and 0.3% (54 patients), respec- 
tively. Although these specific cardiovascular compli- 
cations were observed during the PACU period, no 
cardiac arrests occurred during the study period. 

The largest number of PACU complications oc- 
curred among patients with a duration of anesthesia 
between 2 and 4 h, 51.2% {P < 0.01) (Figure 3). Of 
those patients whose anesthetic duration was less 
than 2h, only 22.6% sustained a PACU complication, 
whereas a complication rate of 13.4% was seen with 
an anesthetic duration between 4 and 5 h. In addi- 
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Table 2. PACU Complications by ASA Physical Status 


ASA physical status I H m V ~V n 

Fatients studied 4214 9749 3812 684 15 18,473 

Nausea and 473 83I 206 1l 0 1521 
vomiting 

Upper airway 291 792 318 49 9 1275 
obstruction 

Hypertension 93 99 16 0 213 


5 
Hypotension 73 2% 148 40 1 348 
Dysrythmias 40 164 136 32 0 372 


tion, 11.5% of patients whose anesthetic duration 
exceeded 5 h sustained a PACU complication. 

Physical status as assessed by ASA physical status 
classification was an important factor in determining 
the incidence of overall and specific PACU complica- 
tions (Table 2). In this study population, 76% of the 
patients (13,963) studied were ASA status I and H 
with the remaining 24% (4510) representing ASA 
status II-V. With regard to ASA status, 12.6% of 
ASA I and II patients experienced a PACU complica- 
tion, whereas only 4.8% of those in ASA class II and 
IV were noted to have a complication during this 
period. Patients who experienced nausea were com- 
pared on the basis of their ASA physical status (Table 
2). Using these criteria, 54.5% were ASA IL, 31.1% 
were ASA I, and 13.5% were ASA IZ. Similarly, in 
patients requiring prolonged upper airway support, 
54.6% were ASA II; 21.9%, ASA IH; and 20%, ASA I. 
When cardiovascular complications were analyzed 
based on physical status, the following was observed: 
hypertension—46.5% ASA Ill, 43.5% ASA IL, 7.5% 
ASA IV, 2.4% ASA I; hypotension—52.2% ASA IL, 
27.1% ASA II, 13.3% ASA I, 7.3% ASA IV; dysrhyth- 
mias—44.1% ASA IV, 36.6% ASA II, 10.8% ASA I, 
8.6% ASA II. 

The requirement for an emergency operative pro- 
cedure (vs an elective procedure) also increased the 
risk for the development of PACU complications (P < 
0.01) independent of ASA physical status, operative 
procedure, or anesthetic technique. For example, the 
relative risk of sustaining any PACU complication 
was 1.52 times as great for an emergent compared 
with elective procedure. 

Temperature was an additional factor affecting 
PACU events. The duration of PACU stay correlated 
with the patient’s body temperature at admission 
(Figure 4). Of all patients entering the PACU during 
the study period, the mean tympanic membrane 
temperature on admission was 36.6 + 0.85°C. How- 
ever, if the tympanic temperature on admission to the 
PACU was less than 35°C, patients remained for 152 
+ 46 min (P < 0.01). The duration of the PACU stay 
for a patient with temperature between 35° and 36°C 
at admission was 129 + 60 min. For a patient whose 
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Figure 4. The patients’ body temperature at admission also had an 
effect on the development of PACU complications. The duration of 
PACU stay as a function of temperature at admission is shown. 
The duration of PACU stay was significantly reduced in patients 
whose temperature at admission was 236°C (P < 0.01).- 


temperature was 236°C on arrival at the PACU, the 
duration of stay decreased to 111 + 65 min. 

In addition to identifying PACU complications, the 
incidence of unscheduled postoperative ICU admis- 
sions was also recorded. Of all patients studied, 186 
required an unscheduled ICU admission. Of these, 54 
were admitted to rule out myocardial infarction 
(ROMI). Of note, only four of the patients admitted 
to the [CU for ROMI actually sustained a postopera- 
tive myocardial infarction. However, two of these 
four patients (50%) died during their hospital stay of 
complications associated with their myocardial infarc- 
tion. The remaining two patients were transferred to 
the ICU, having undergone a more extensive surgical 
procedure than was initially planned. 


Discussion 

The original concept for a postanesthesia care area is 
credited to Florence Nightingale (10). Traditionally 
known as the “recovery room,” this area was initially . 
designed as a place for observing postoperative pa- 
tients (11,12). As the nature of patient care has 
become increasingly complex, interest in identifying 
complications that occur during this period has in- 
creased (13,14). Early studies were aimed primarily at 
defining the incidence of overall morbidity and mor- 
tality. Cohen et al. (7) described the outcome of a 9-yr 
postanesthetic follow-up program at a teaching hos- 
pital between the time periods 1975-1978 and 1979- 
1983. Their data showed a 7.6% intraoperative com- 
plication rate and a 3.1% PACU complication rate for 
1975-1978. During the time period of 1979-1983, 
there was an increase in both intraoperative and 


_ PACU complication rates to 10.6% and 5.19%, respec- 
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tively (7). Zelcer and Wells (1) examined the fre- 
quency of PACU complications occurring during a 
l-mo period. This prospective study showed that 
30% of patients admitted to the PACU had at least 
one complication; the most frequently observed were 
abnormal cardiovascular variables (either hypoten- 
sion, hypertension, or arrhythmias) in 68 of 443 
patients (15.3%), nausea and vomiting in 24 of 443 
patients (5.4%), and respiratory complications (cy- 
anosis, hypoventilation, reintubation, and laryngeal 
spasm) in 10 of 443 patients (2.3%). 

Despite this early interest in postanesthesia com- 
plications, more recent studies have been concerned 
with evaluating a specific practice or technique rather 
than defining or identifying particular complications 
occurring during the PACU period (15-18). To pro- 
vide a more global assessment of the frequency of 
PACU complications, this present study combines a 
large prospective patient population with a detailed 
data collection system. The data from this study 
demonstrates that approximately one in five patients 
(23.7%) experience a PACU complication. Our data 
show a larger incidence of PACU complications than 
has been previously reported by either Cooper et al. 
(8) (18%) or Cohen et al. (7) (9.4%). This may reflect 
differences in reporting techniques or patient popu- 
lations, or both. Despite anesthetic and pharmaco- 
logic advances, nausea and vomiting is still the most 
frequently encountered postanesthetic problem 
(9.8%). As reported in previous studies, the incidence 
of nausea varies from 5% to 60% depending on the 
type of surgical procedure performed (19-22). Al- 
though various pharmacologic regimens have been 
advocated to reduce postoperative nausea and vom- 
iting, our data show that nausea and vomiting con- 
tinues to be a major source of patient morbidity 
(23,24). 

Of all classes of respiratory events (airway obstruc- 
tion, hypoxemia, and hypercapnia) studied here, 
prolonged upper airway support (to treat or prevent 
upper airway obstruction) was the most frequently 
encountered complication (6.9% of 18,473 or 1275 
patients). The average duration of this support, 
which was either manual support of the jaw or 
insertion of oral or nasal airway, was 39.9 + 8.6 min. 
However, only 0.02% of the PACU patients required 
reintubation in the PACU (9). The incidence of airway 
obstruction in our study is significantly larger than in 
previous reports (2%-4%) (25,26). As this study was 
performed in a tertiary referral hospital with an 
anesthesia residency program, the higher incidence 
of airway obstruction might be partly related to 
reporting techniques and/or to the degree of training 
and experience of the persons providing anesthesia. 
Indeed, a study of Mandel et al. (27) demonstrated 
that the incidence of PACU complications was af- 
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fected by the training level of the anesthesia resi- 
dency staff and the time of the academic year. 

Although upper airway obstruction was the most 
frequently observed PACU complication in this 
study, clinical signs of hypoxia were infrequently 
noted. A recent report by Moller et al. (26) showed 
that as many as 55% of patients may experience 
hypoxia (diagnosed as oxygen saturation (Spo.) < 
90% by pulse oximetry) during the PACU period. The 
difference between the percentage of patients who 
experienced a reduction in Spo, in the two studies 
(i.e., 3.2% of patients in this study compared with 
55% of patients in Moller’s study) may reflect a 
difference in data collection techniques. In Moller’s 
study, Spo, values were continuously monitored by 
strip chart recording. However in our study, Spo, 
measurements were only intermittently recorded by 
the nursing staff. 

The significance of perioperative cardiovascular 
events has recently become a source of great interest 
(28-30). Although hypotension requiring treatment 
was encountered in 2.7% of the study patients, only 
20% of patients required the administration of a 
vasopressor. The majority of hypotension events 
(80%) were successfully treated by volume adminis- 
tration. The potential risks of perioperative hyperten- 
sion and tachycardia have been well documented 
(30-32). The overall incidence of PACU dysrhythmias 
and hypertension was low in our study (1.4% and 
1%, respectively); these were the most frequently 
cited reasons for an unscheduled ICU admission (for 
ROMI). The appearance of a new ventricular dys- 
rhythmia was associated with statistically greater risk 
(P < 0.01) for myocardial infarction to develop. Of the 
54 patients in this study who experienced a new 
perioperative ventricular dysrhythmia and were ad- 
mitted to the ICU for ROMI, four had electrocardio- 
graphic or enzymatic evidence consistent with a 
perioperative myocardial infarction. That two of 
these four patients (50%) died during their hospital 
stay as a result of complications from their recent 
myocardial infarction emphasizes the potential clini- 
cal importance of new-onset perioperative dysrhyth- 
mias. Of the 54 patients admitted for ROMI, 23 were 
ASA I, 16 were ASA II, and 15 were ASA IV. The 
most frequent reason for these patients’ ROMI admis- 
sion was the onset of new dysrhythmias in the PACU or 
intraoperative hypertension. Only two of these patients 
who were admitted for ROMI because of new-onset 
arrhythmias had a history of dysrhythmias. Of the 
two patients who died, both had a history of previous 
myocardial infarction but not within the last year. 
Both patients who sustained a perioperative myocar- 
dial infarction had electrocardiographic evidence of 
ischemia associated with ventricular and atrial ar- 
rhythmias intraoperatively or in the PACU. Only one 
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patient had electrocardiographic changes suggestive 
of ischemia in the intraoperative period. 

The importance of maintaining normothermia has 
long been recognized (33). Hypothermia during the 
PACU period may prolong the effects of pharmaco- 
logic agents and cause shivering, resulting in an 
increased myocardial oxygen consumption and pa- 
tient discomfort. The physiologic implications of hy- 
pothermia (i.e., increased myocardial oxygen con- 
sumption and metabolic rate) are compounded by the 
increased dollar cost incurred by these hypothermia 
patients owing to a prolonged PACU stay (34). Al- 
though others have postulated that hypothermia may 
affect PACU stay, our data demonstrate the signifi- 
cance of the impact of hypothermia on PACU dura- 
tion. The mean duration of the PACU stay was 
recorded at 102 + 56 min. Patients admitted to the 
PACU with a temperature of <35°C had a signifi- 
cantly longer PACU stay (159 + 46 min) than did 
those with a temperature of =35°C (116 + 65 min). 
These data suggest the importance of using devices 
that reduce cutaneous heat loss (such as warming 
blankets) during the intraoperative period (35-38). 

The ability of intraoperative events to be associated 
with PACU complications was also demonstrated in 
this study. Although operating room complications 
had an overall rate of only 5.1%, they significantly 
increased the risk (1.6-1.8 times greater, depending 
on ASA physical status and PACU complication) of 
experiencing a PACU complication. This is evidenced 
by the incidence of PACU complications being higher 
with intraoperative hypertension and hypotension. 

In summary, results from this study show that 
complications occurring in the PACU remain a signif- 
icant source of patient morbidity. Nausea and vom- 
iting and upper airway obstruction continue to rep- 
resent the most frequently observed PACU events. 
Several factors were identified as potential predictors 
of PACU complications. These included the site of 
surgical procedure, duration of anesthesia, ASA 
physical status, anesthetic technique, and elective 
versus emergent procedure. This study showed that 
patients who were ASA I and II experienced more 
PACU complications than did those patients who 
were ASA II or greater. There are several possible 
explanations for this. First, all patients requiring a 
direct admission to the ICU were excluded from the 
study, greatly reducing the number of ASA II and IV 
patients that were included in the study population. 
Second, the most frequently observed PACU compli- 
cations were nausea and vomiting and the need for 
combined upper airway support. As many of the 
patients in the ASA physical status II-V groups may 
have arrived in the PACU tracheally intubated, they 
would not have been at risk for these complications to 
develop. The data from this study strengthen and 
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support the importance of vigilant patient PIOUS 
during the postanesthesia period. 
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The analgesic efficacy and safety of tramadol and 
morphine were compared in a double-blind, random- 
ized study of 150 female patients after gynecologic 
surgery. As required, patients could receive up to 
three intravenous doses of either 50 mg of tramadol 
or 5 mg of morphine within a period of 6 h. Pain 
intensity (verbal response score) was recorded before 
injection and at 0.5, 1, 2, 3, 5, and 6 h after the initial 
dose; at these times, pain relief was also assessed. 
Oxygen saturation was monitored continuously by 
pulse oximetry for at least 30 min after each injection. 


respiratory depression, use of opiates re- 

mains a common method for treatment of 
postoperative pain (1). New analgesics have been 
developed over the last few decades including tram- 
adol, a synthetic opioid analgesic. On the basis of its 
potency, tramadol has comparatively few disadvan- 
tages associated with other opiates, such as cardio- 
vascular reactions and physical dependency (2-7). In 
opioid-sensitive experimental models, the antinoci- 
ceptive effect of tramadol can be completely abolished 
by pretreatment with naloxone (3). More recent 
work, however, suggests that non-opioid receptor 
mechanisms of action may contribute to the analgesic 
profile of tramadol in humans and result from the 
inhibition of noradrenaline uptake and stimulation of 
serotonin release (8,9). 

Respiratory depression with opiates is due in part 
to decreased brainstem response to CO, and the 
hypoxic drive, and to a blunted increase in respira- 
tory drive associated with increased airway resis- 
tance. A noninvasive method for measuring respira- 


p well-known disadvantages including 
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In 13.3% of the morphine group (but in none of the 
tramadol group) transcutaneous pulse oxygen satu- 
ration decreased to less than 86%; in 50% of these 
patients the decrease occurred after only the first 
5 mg of morphine. Both drugs produced acceptable 
analgesia, and there were no clinically significant 
adverse events. In demonstrating the absence of 
clinically relevant respiratory depression with trama- 
dol, we underline its safety for postoperative pain 
relief. 

(Anesth Analg 1992;74:510-4) 


tory depression is transcutaneous pulse oxygen 
saturation (t-Sao,). This study was designed to assess 
the analgesic efficacy, safety, and duration of action 
of intravenous tramadol versus morphine in patients 
with moderate or severe pain after gynecologic pro- 
cedures. 


Methods 


A comparative double-blind randomized study de- 
sign was used. One hundred fifty female patients 
(100 in the tramadol group and 50 in the morphine 
group; age range, 18-65 yr) experiencing moderate or 
severe pain requiring an intravenous centrally acting 
analgesic after gynecologic surgery (i.e., abdominal, 
vaginal, or combined abdominal-vaginal) were stud- 
ied. All patients were considered reliable, coopera- 
tive, and mentally capable of adhering to the protocol 
and providing the relevant study information for the 
whole study period. All patients gave written in- 
formed consent, and the investigation was approved 
by the hospital Ethical Review Committee. 

None of the patients was pregnant or lactating, 
abusing centrally acting drugs, consuming mono- 
amine oxidase inhibitors, or allergic to opioids. Pa- 
tients did not participate in other drug studies, were 
not previously admitted to this study, and had no 
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history of seizure disorders. Patients with pulmonary 
or cardiac diseases were excluded from the study. To 
avoid influence of other analgesics (e.g., fentanyl), 
patients underwent a standard anesthesic; anesthesia 
was induced with thiopental 3-7 mg/kg IV and a 
muscle relaxant (either pancuronium or vecuronium) 
followed by inhalation of N,O/O, (2:1) supple- 
mented with a volatile anesthetic for the duration of 
the procedure. Thus, before administration of study 
drugs, no analgesics and no perioperative medication 
that might influence analgesia were used. 

The two study drugs were identically packaged 
and coded in a manner suitable for randomized 
treatment allocation for moderate or severe pain 
groups. The packages were supplied with a quantity 
ratio of 2:1 (i.e., tramadol/morphine). Drugs were 
administered by persons other than those responsible 
for data collection and clinical assessments; thus, the 
identity of the administered drugs was unknown to 
those performing the clinical evaluations (trained 
observers). 

Only after deliberation by the observer with the 
patient was any dose of study drug (including the 
initial dose) given. At the time of the first pain event 
(baseline) for which medication was required, pain 
intensity was evaluated and recorded as moderate or 
severe, a patient study number was allocated, and 
the first dose of either tramadol 50 mg or morphine 
5 mg IV was given. The protocol allowed each patient 
to receive up to three doses of study medication 
(maximum of tramadol 150 mg IV, morphine 15 mg 
IV) with a minimum interval of 20 min between the 
first and second dose and 30 min between the second 
and third dose for a maximum of 6 h after the initial 
dose. If analgesia was still inadequate (i.e., patient 
requesting more analgesia) after three doses, treat- 
ment failure was diagnosed, rescue medication (mor- 
phine 0.1 mg/kg IM) was given, and the last pain 
score recorded was used for the remaining observa- 
tion times (up to 6 h). 

Pain intensity was scored by the patient and the 
trained observer using a four-point verbal response 
scale (0 = no pain, 1 = slight pain, 2 = moderate 
pain, and 3 = severe pain) before injection and at 0.5, 
1, 2, 3, 4, 5, and 6 h after the initial dose. At the time 
of assessing pain intensity, pain relief was also eval- 
uated by the patient and the observer and recorded 
using a five-point verbal response scale (0 = no pain 
relief, 1 = little pain relief, 2 = some pain relief, 3 = 
a lot of pain relief, 4 = complete pain relief). 

Before administration of the first dose of study 
medication, supplemental oxygen (if any) was 
stopped. Heart rate and t-Sao, were monitored con- 
tinuously (but recorded at 2-min intervals) with a 
pulse-oximeter (Minolta Pulsox-7) throughout the 
study period or at least for 30 min after each injection. 
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Table 1. Comparison of Age, Height, and Weight of the - 
Two Study Groups 


Tramadol Morphine 
(n = 100) (n = 50) 
Age (yr) 
Mean oo 27.0 36.4 + 7.8 
Range 23-58 20-57 
Height (cm) 
Mean 165.7 + 6 166.8 + 6.2 
Range 145-186 153-180 
Weight (kg) 
Mean 63.4 + 8.4 56.6 + 8.4 
Range 48-89 44-83 


Values are mean + sD. 


If t-Sao, decreased =90%, patients would be in- 
structed to breathe deeply. If t-Sao, decreased =80%, 
naloxone would be administered. All adverse events 
reported by the patient or elicited or observed by the 
observers were rated (slight, moderate, or severe) 
and recorded. 

Group differences in t-Sao, values were analyzed 
using the x test. Variables of race, maxirhum pain 
intensity difference score, patient and observer over- 
all assessment of analgesia, incidence of adverse 
events, and of withdrawals from the study were 
investigated with maximum likelihood regression 
analyses carried out to obtain an impression of pos- 
sible interactions. When these were observed, a two- 
tailed t-test or a two-tailed Fisher’s exact test was 
used. For the variables “treatment failure’ and “‘in- 
cidence of adverse events,” 95% confidence intervals 
according to Pearson and Clopper were calculated for 
the individual pain intensities and treatments. 

For each patient, pain intensity differences were 
computed as the difference between each pain score 
against the baseline pain score. At each time of pain 
assessment, means and maximum pain intensity dif- 
ferences were computed and recorded for analysis. 
As this approach does not take into account the 
frequency and time of remedication, numbers of 
patients requiring only one dose, two doses, or three 
doses, and those leaving the study because of inad- 
equate analgesia after three doses, were listed. 


Results 


The two groups were comparable with regard to age, 
height, and weight (Table 1). Decreases in t-Sao, 
were observed in both treatment groups. However, 
in 13.3% (n = 6) of the morphine group, but in none 
of the tramadol group, t-Sao, decreased to 86% and 
below: 50% (n = 3) of these patients had received 
only 5 mg of morphine. Analysis of the t-Sao, data of 
all 131 assessable patients (13 of the tramadol versus 
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Figure 1. Relative frequency of 2-min interval t-Sao, measure- 
ments during a 30-min period (striped bar, tramadol; dark bar, 
morphine) after (A) first dose, (B) second dose, and (C) third dose 
of tramadol or morphine. 


9 of the morphine patients were not assessable) in 
both groups for a period of 30 min after each treat- 
ment dose revealed a statistically significant (P = 
10 °) larger group of 2-min interval t-Sao, recordings 
of 90% and below after every administration of mor- 
phine than after tramadol administration (Figure 1). 
No statistically significant difference was found in 
both treatment groups between the maxima t-Sao, 
values; whereas, statistically significant differences 
were found between the minima and also between 
the mean t-Sao, values. At 32-60 min after the initial 
dose, average minimum t-Sao, values of tramadol 
and morphine were 94% and 93%, respectively (P = 
0.0101) and average mean t-Sao, values were 96% 
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Figure 2. Pain intensity difference scores (i.e., difference between 
each pain score against the baseline pain score) (error bars show 
standard error of the mean) during the 6-h study period. (A) 
Patients with moderate pain: tramadol (solid line, n = 49), mor- 
phine (broken line, n = 24) (two-tailed t-test, P > 0.2); (B) patients 
with severe pain: tramadol (solid line, n = 51), morphine (broken 
line, n = 26) (*two-tailed t-test, P < 0.05); and (C) combined pain 
group: tramadol (solid line, n = 100), morphine (broken line, n = 50) 
(*two-tailed t-test, P < 0.05). 


and 95%, respectively (P = 0.0093). At 62-90 min 
after the initial dose, average minimum t-Sao, values 
were 95% for tramadol and 92% for morphine (P = 
0.0001) with average mean values of 96% and 95% (P 
= 0.0008), respectively. Transcutaneous pulse oxy- 
gen saturation values from 92 min after administra- 
tion cannot be meaningfully interpreted as the num- 
ber of available t-Sao, values was reduced. Pain 
scores for moderate, severe, and combined pain 
groups show no Statistically significant difference in 
analgesia in the moderate pain group (Figure 2). 
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Table 2. Percentage of Patients According to Time 
(baseline time is the time of the initial dose) of 
Remedication*® 


Combined 
Severe pain Moderate pain group 
(%) pain (%) (%) 


Initial dose only 0 0 18.4 25.0 9.0 12.0 


Second dose within 3.9 30.8 184 20.8 11.0 26.0 
20-40 min 

Second dose within 15.7 7.7 8.2 4.2 12.0 6.0 
20—40 min and 

third dose within 

50-70 min 

Treatment failure 58.8 30.8 14.3 4.2 37.0 18.0 
(requiring rescue 

medication) 

Remainder (none of 21.6 30.8 40.8 45.8 31.0 38.0 
the above) 


T, tramadol; M, morphine. 
“Tramadol and morphine both 100% in each pain group. 


NAUSEA M ee) nai at 
T aes E 
VOMITING M [1 
aes 
DIZZINESS M iia) 
T 
DROWZI- M (Safe: 
NESS TEM | 
OTHERS M EE 
T CE TF 
0 10 20 30 


% OF ALL ADVERSE EVENTS 


Figure 3. Percentage of all reported and observed adverse events 
after receiving tramadol (T) or morphine (M) according to the level 
of severity. Adverse events: solid bar, mild; open bar, moderate; 
striped bar, severe (*exact Fisher test, P = 0,005). 


Table 2 shows relative percentage of patients ac- 
cording to time of remedication. Figure 3 summarizes 
all adverse events (the “other” group includes dry 
mouth, anxiety, fatigue, dysphoria, ocular/acoustic 
complaints, headache). No adverse event in any 
patient gave reason to abort the study (i.e., not 
clinically significant). Adverse events were reported 
after tramadol by 32 of 100 patients (23.0% = 44.0% s 
42.1%) and by 22 of 50 patients (27.0% = 44.0% s 
54.1%) after morphine. Drowziness was the only 
event with a statistically significant difference be- 
tween the two study groups. 


Discussion 


This study was designed to investigate the efficacy of 
intravenous tramadol and morphine for moderate or 
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severe postoperative pain with special regard to type 
and frequency of adverse events and respiratory 
depression. The results of this study show that 
whereas the analgesic potency of tramadol and mor- 
phine are similar, tramadol has markedly less clini- 
cally significant respiratory depressive effects than 
morphine. Perhaps this is because the analgesic ef- 
fects of tramadol are mediated by non-opioid receptor 
mechanisms of action. 

Despite the importance of postoperative pain treat- 
ment, fear of respiratory depression or hypotension 
may result in some withhoiding of opioid adminis- 
trations by medical and nursing staff, often aggravat- 
ing the patient's pain. Thus, equianalgesic drugs free 
of these adverse events would be preferred. Because 
upper abdominal surgery itself affects lung function 
(5), a group of lower abdominal (i.e., gynecologic) 
procedures was selected to study changes in t-Sao,, 
analgesic potency of the drugs, and adverse events. 
To best compare the analgesic effect of opioids, 
Bromage recommended a clinical setup (10), whereas 
to assess the effect and to produce objective and 
reproducible data Parkhouse et al. suggested the use 
of independent observers (11). Published data sup- 
port a 10:1 efficacy ratio for tramadol to morphine 
(12,13). Our results generally confirm this, although 
the pain intensity differences observed in the severe 
pain group may be attributed to the relatively low 
initial dose of tramadol. 

Our results indicate that the 50-mg treatment dose 
of tramadol fulfills the requirements of an analgesic 
for treatment of moderate postoperative pain, 
whereas for severe pain a higher dose is recom- 
mended. In demonstrating the absence of clinically 
relevant respiratory depression with tramadol, we 
underline one of the potential dangers of morphine 
and therefore suggest first-line use of another anal- 
gesic (e.g., tramadol) for postoperative pain. 


We thank our surgical and nursing colleagues for their cooperation 


during this study and Laraine Visser-Isles for English language 
editing. Tramadol was kindly supplied by Grunenthal GmbH, 
Stolberg, Germany. 
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The effect of obesity on the disposition and action of 
vecuronium was studied in 14 surgical patients. After 
induction of anesthesia with thiopental and mainte- 
nance of anesthesia by inhalation of nitrous oxide and 
halothane, seven obese patients (93.4 + 13.9 kg, 
166% + 30% of ideal body weight, mean + sp) and 
seven control patients (60.9 + 12.3 kg, 93% + 6% of 
ideal body weight) received: 0.1 mg/kg of vecuro- 
nium. Plasma arterial concentrations of muscle relax- 
ant were determined at 1, 3, 5, 10, 15, 20, 30, 45, 60, 
90, 120, 150, 180, 210, 240, 300, and 360 min by a 
spectrofluorometric method. Simultaneously, neuro- 
muscular blockade was assessed by stimulation of the 
ulnar nerve and quantification of thumb adductor 
response. Times to 50% recovery of twitch were 
longer in the obese than in the control patients (75 + 
8 versus 46 + 8 min) as were 5%-25% recovery times 
(14.9 + 4.0 versus 10.0 + 1.7 min) and 25%—75% 
recovery times (38.4 + 13.8 versus 16.7 + 10.3 min). 
However, vecuronium pharmacokinetics were simi- 


besity is associated with changes in body 

composition and function that may alter drug 

disposition. Obese individuals have an in- 
creased proportion of body fat to total body mass and 
a decreased proportion of muscle mass and body 
water (1,2). Cardiac output, glomerular filtration rate, 
and intravascular volume are all increased (3,4). In 
addition, there is evidence that obesity may alter both 
liver function and protein binding (5,6). 

We previously found a slower recovery from vecu- 
ronium neuromuscular blockade in obese surgical 
patients when compared with controls (7). The dura- 
tion of neuromuscular blockade was strongly corre- 
lated with degree of obesity. We sought to determine 
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lar for both groups. When the data were calculated 
on the basis of ideal body weight (IBW) for obese and 
control patients, total volume of distribution (791 + 
303 versus 919 + 360 mL/kg IBW), plasma clearance 
(4.65 + 0.89 versus 5.02 + 1.13 mL-min™’-kg IBW~’), 
and elimination half-life (119 + 43 versus 133 + 57 min) 
were not different between groups. Only when total 
volume of distribution and clearance are divided by 
patient weight (a larger value for the obese) and 
expressed per kilogram of actual body weight do 
these values appear smaller in the obese (473 + 142 
versus 993 + 401 mL/kg and 2.83 + 0.54 versus 5.36 + 
1.14 mL-min™?-kg~', respectively). As obesity did 
not alter the distribution or elimination of vecuro- 
nium, the prolonged action seen at 0.1 mg/kg is due 
to an overdose when vecuronium is administered on 
the basis of total body weight. Clinically, ideal body 
weight should be used for dose calculation in the 
obese patient. 

(Anesth Analg 1992;74:515-8) 


if altered pharmacokinetics may account for the pro- 
longed action of vecuronium with obesity. 


Methods 


After Institutional Review Board approval, informed 
consent was obtained from seven obese and seven 
control patients undergoing elective neurosurgical 
procedures. Patients with evidence of cardiac, he- 
patic, renal, or neuromuscular disease were excluded 
from the study, as were patients taking medications 
known to affect neuromuscular blockade. 

Obese patients were at least 30% above ideal body 
weight (IBW), whereas control patients were within 
10% of IBW. Ideal body weight was defined as 
follows (5-7): 


IBW (males) = 110 lb + 5 lb/inch above 5 foot height, 


IBW (females) = 100 Ib + 5 IbVinch above 5 foot height. 
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Percentage IBW was defined as the ratio of total body 
weight to IBW. 

General anesthesia was induced with thiopental 
(4-7 mg/kg IV) and continued with nitrous oxide/ 
oxygen (2:1) and halothane via a mask. During this 
time, baseline twitch tension of the thumb adductor 
was quantified by a Grass force displacement trans- 
ducer (FT-10) with ulnar nerve stimulation of the 
wrist by surface electrodes using supramaximal stim- 
uli from a Grass Stimulator (model $8) in conjunction 
with Grass stimulation isolation units. Responses to 
single stimuli of 0.15-ms duration delivered at a rate 
of 0.1 Hz were recorded. After 10 min of steady 
baseline twitch tension, 0.1 mg/kg of vecuronium was 
administered as an intravenous bolus and the trachea 
was intubated. Thereafter, ventilation was controlled 
to maintain end-tidal carbon dioxide tension between 
26 and 36 mm Hg as measured by infrared analysis. 
Nitrous oxide was continued and halothane was 
administered to maintain an end-tidal concentration 
of 0.5%-0.7% as measured by infrared analysis. 
Esophageal temperature was kept at 35.4° to 36.9°C 
with the aid of warming blankets. 

Blood samples were obtained from arterial cathe- 
ters at 1, 3, 5, 10, 15, 20, 30, 45, 60, 90, 120, 150, 180, 
210, 240, 300, and 360 min. Additional samples were 
obtained between these fixed times during recovery 
of neuromuscular blockade at 5% and 75% of control 
twitch tension. Plasma was separated and frozen 
until assayed for vecuronium concentration. 

One molar sodium phosphate buffer (pH = 4.0) 
was added to plasma samples to achieve a volume 
ratio of 1:4. Anion exchange columns (Bakerbond 
OTE) were used for analysis, and vecuronium concen- 
tration was determined by a spectrofluorometric 
method. The coefficient of variation was 5.8%, and 
the sensitivity was 10 ng/mL (8). 

The times to 5%, 25%, 50%, and 75% recovery of 
twitch tension were recorded. Both biexponential and 
triexponential equations were fitted to the plasma 
concentration-versus-time data for each patient using 
nonlinear least-squares regression (9). A weighting 
function of 1/X2 was used. The best fit for the data 
was determined using the F ratio test (10). The 
method of Wagner was used to calculate pharmaco- 
kinetic parameters (11). Total volume of distribution 
was determined by the area method. 

Volumes of distribution and clearances per kilo- 
gram of IBW were determined by dividing the vol- 
ume of distribution (in mL) or clearance (in mL/min) 
by IBW to permit meaningful comparisons between 
obese and control patients. Comparison of demo- 
graphic data, coefficients and exponents of the phar- 
macokinetic equations, pharmacokinetic parameters, 
times to 50% recovery, recovery indexes (25%-75% 
and 5%-25%), and vecuronium concentrations at 
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Table 1. Demographic Data 
Obese Control 
(n = 7) (n = 7) P 
Age (yr) 49.6 + 13.8 45.1 + 11.0 <0.60 
Height (cm) 165 + 9 172 + 10 <0.20 
Sex (M/F) 2/5 3/4 
Weight (kg) 93.4 + 13.9 60.9 + 12.3 <0.01 
IBW (kg) 57.0 + 9.5 65.1 + 11.9 <0.20 
% IBW 166 + 30 93 + 6 <0.01 


IBW, ideal body weight; % IBW, percentage of ideal body weight. 


Table 2. Recovery Indexes 


Obese Control 

(n= 7) (n = 7) P 
5% -25% (min) 14.9 + 4.0 10.0 + 1.7 <0.05 
25%-75% (min) 38.4 + 13.8 16.7 + 10.3 <0.01 
Time 50% (min) DEB 46 + 8 <0.01 


5%--25%, time for recovery of twitch tension from 5% to 25%; 25%-75%, 
time for recovery of twitch tension from 25% to 75%; time 50%, time for 
recovery of twitch tension to 50%. 


25%, 50%, and 75% block were made by two-tailed 
t-test for unpaired data. The linear portions of the log 
plasma concentration-versus-response curves (be- 
tween 20% and 80% paralysis) were compared by 
analysis of covariance. P < 0.05 was considered 
significant. 


Results 


The obese patients weighed 93.4 + 13.9 kg (mean + 
sD) compared to 60.9 + 12.3 kg for control patients. 
This represented 166% + 30% versus 93% + 6% of 
IBW, respectively. There were no differences be- 
tween groups with respect to age, height, sex, or [BW 
(Table 1). ; 

Obese patients demonstrated slower recovery 
from vecuronium neuromuscular blockade than con- 
trol patients did (Table 2). This is reflected by longer 
time to achieve 50% of control twitch tension and 
prolonged 5%-25% and 25%-75% recovery indexes. 

Concentration versus time data for obese and 
control patients are shown in Figure 1. A three- 
compartment pharmacokinetic model best fit the con- 
centration-versus-time data in five of the obese pa- 
tients and four of the control patients. For the remain- 
ing five patients, a two-compartment model provided 
the best fit. The derived pharmacokinetic parameters 
are displayed in Table 3. Volumes of distribution, 
plasma clearances, distribution and elimination half- 
lives were all similar for both groups. Only when 
these values are divided by patient weight (a larger 
value for the obese) and expressed per kilogram of 
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Time (min) 
Fi 1. Plasma concentration of vecuronium (mean + sp) in 


obese (dashed line) and control (solid line) patients after a single 
intravenous bolus of 0.1 mg/kg. n = 7 in each group except at 
300 min and 360 min where n = 5 for control patients. 


actual body weight do clearances and volumes of 
distribution appear smaller in the obese. 

Analysis of the plasma concentration vs percent 
paralysis relationship during recovery from vecuro- 
nium neuromuscular blockade showed no differences 
between obese and control patients (Table 4). 


Discussion 


Our results indicate that the pharmacokinetics of 
vecuronium are not altered by obesity. Volumes of 
distribution, plasma clearance, distribution, and 
elimination half-lives were all similar for both obese 
and control subjects. 

The prolonged recovery from neuromuscular 
blockade observed in the obese can be explained by 
the larger total dose of vecuronium administered to 
these patients. The obese patients received a vecuro- 
nium dose of 9.3 + 1.4 mg compared to 6.1 + 1.2 mg 
for control patients. The similar pharmacokinetic pa- 
rameters for these two groups explains the higher 


Table 3. Pharmacokinetic Data 
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Table 4. Plasma Concentrations of Vecuronium at Three 
Levels of Neuromuscular Blockade 


Concentration (ng/mL) 


Neuromuscular Obese Control 
blockade* (n = 7) (n = 7) P 
75% 146 + 30 118 + 91 <0.50 
50% 100 + 36 97 + 74 <0.95 
25% 78 + 28 62 +19 <0.30 


*% depression of control twitch tension. 


serum concentrations of vecuronium in the obese 
patients. The prolonged recovery indexes in the 
obese group are also consistent with a relative over- 
dose. Fahey et al. (12) reported that 25%-75% recov- 
ery times from vecuronium blockade increased from 
8.0 + 0.4 (mean + SEM) to 38.0 + 5 min as the initial 
dose was increased from 0.07 to 0.28 mg/kg. Fisher 
and Rosen’s (13) pharmacokinetic and pharmacody- 
namic modeling explains the slowing of recovery of 
neuromuscular function with increasing initial doses 
of vecuronium. With smaller total doses of vecuro- 
nium, recovery from blockade will occur during the 
distribution phase as plasma concentration of drug 
falls relatively rapidly. With larger doses recovery 
will occur at a time when plasma concentration is 
decreasing more slowly (the elimination phase). Our 
dosing of vecuronium by patient weight resulted in a 
larger total dose for the obese and a higher plasma 
concentration with resulting differences in recovery 
consistent with the model of Fisher and Rosen (13). 

The pharmacokinetic parameters reported in this 
study are similar to those of Rupp et al. (14).- Al- 
though they selected a three-compartment model for 
all study patients, we found that concentration- 
versus-time data for several patients in our study 
were best described by a two-compartment model. 
Differences in anesthetic technique and blood sam- 


Obese Control 

(n = 7) (n = 7) P 
Initial volume of distribution (mL/kg) 53.4 + 16.6 83.2 + 32.7 <0.10 
Initial volume of distribution (L) 4.93 + 1.37 5.25 + 2.69 <0.80 
Initial volume of distribution IBW (mL/kg) 88.9 + 296 79.1 + 34.6 <0.60 
Distribution half-life (min) 18.5 + 7.6 15.0 = 7.3 <0.50 
Total volume of distribution (mL/kg) 473 + 142 993 + 401 <0.01 
Total volume of distribution (L) 44.7 + 16.6 59.0 + 24.0 <0.30 
Total volume of distribution/IBW (mL/kg) 791 + 303 919 + 360 <0.50 
Plasma clearance (mL-min~'!-kg~?) 2.83 + 0.54 5.36 + 1.14 <0.01 
Plasma clearance (mL/min) 260 + 35 325 + 84 <0.10 
Plasma clearance/IBW (mL-min™!-kg~") 4.65 + 0.89 5.02 + 1.13 <0.60 
Elimination half-life (min) 119 + 43 133 + 57 <0.70 


IBW, ideal body weight. 
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pling site may account for the differing kinetic mod- 
els 


A steady state infusion of vecuronium would have 
permitted calculation of pharmacodynamic variables 
relating to a theoretical effector compartment. This 
would have allowed comparison of effector compart- 
ment transfer constants between obese and control 
patients. Although of theoretical interest, this mod- 
eling would not alter the conclusions that can be 
made on the basis of our bolus technique. 

The fluorometric method of analysis used in this 
study does not distinguish between parent drug and 
metabolite. It is therefore possible that altered metab- 
olism of vecuronium with obesity was not detected. 
However, this is unlikely. Vecuronium and its metab- 
olites are of differing potencies. If vecuronium metab- 
olism were altered by obesity and the relationship 
between parent drug plus metabolite concentration 
and neuromuscular blockade were unchanged by 
obesity (as we report), drug potency would have to 
change also in a compensatory direction. Although 
this is possible, it is highly unlikely. 

Our results indicate that obesity does not alter the 
distribution or elimination of vecuronium. In clinical 
practice, vecuronium dose should be administered to 
obese patients on the basis of IBW and not total body 


weight. 
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Atracurium and Vecuronium: Repeated Bolus 


Injection Versus Infusion 


Christoph Diefenbach, MD, Hermann Mellinghoff, Mp, Stefan Grond, MD, 


and Walter Buzello, MD 


University Department of Anesthesiology, Koeln, Germany 


The purpose of this study was to compare the char- 
acteristics of recovery from neuromuscular blockade 
after either atracurium or vecuronium given by intra- 
venous infusion or by repeated injection. Four 
groups of 10 patients each were studied during 
nitrous oxide narcotic anesthesia. An initial intrave- 
nous dose of 2 xX EDgs of either muscle relaxant was 
followed by an intravenous infusion started at 5% 
recovery of control twitch tension and adjusted for 
95% block or by repeated injection of 0.6 xX EDgs 
administered whenever twitch tension had returned 
to 25% of control. There were no significant differ- 
ences between the maintenance doses required based 


wing to the intermediate duration of action of 

atracurium and vecuronium, attention was 

focused on their administration by intrave- 
nous infusion as an alternative to repeated bolus 
injection when prolonged neuromuscular blockade 
was attempted (1-4). Yet, most of the relevant studies 
concentrated on the maintenance of muscle paralysis 
rather than on a comparative analysis of the recovery 
of neuromuscular transmission. It is the purpose of 
the present study to provide such data. 


Method 


After approval of the study by the hospital ethical 
committee had been received, 40 adult patients of 
both sexes scheduled for maxillofacial interventions 
of an anticipated duration of at least 3 h gave written 
informed consent to participate in the study. Inclu- 
sion criteria were as follows: age, 18-70 yr; body 
weight, 45-110 kg; ASA physical status, I-U. Women 
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on method of administration: atracurium repeated 
injection, 1.6 + 0.3 x EDs h`}; atracurium infusion, 
1.7 + 0.3 x EDgs h~'; vecuronium repeated injection, 
1.8 + 0.5 x ED,, h~’; and vecuronium infusion, 1.6 
+ 0.4 x EDgs h7*. Nevertheless, differences of up to 
20 min were noted in the recovery indices in the 
following order: atracurium repeated injection = 
atracurium infusion < vecuronium repeated injection 
< vecuronium infusion. A single dose of neostigmine 
(7 g/kg) significantly reduced the recovery indices, 
thereby eliminating their differences. 

(Anesth Analg 1992;74:519-22) 


of childbearing potential were excluded, as were 
patients with neuromuscular, hepatic, or renal dis- 
ease or those taking medication known to interact 
with neuromuscular blocking drugs. The patients 
were randomly assigned to four groups to receive 
either an infusion or repeat injections of either atra- 
curlum or vecuronium. 

All patients were premedicated with fluni- 
trazepam (1-2 mg) and hyoscine (0.5 mg) adminis- 
tered orally 1 h before induction of anesthesia. Anes- 
thesia was induced intravenously with midazolam 
(70 pg/kg), fentanyl (5-6 ug/kg), and etomidate 
(200-300 ug/kg) followed by nasotracheal intubation 
without the use of a muscle relaxant. Anesthesia was 
maintained with 70% nitrous oxide in oxygen in a 
rebreathing circuit with mechanical ventilation ad- 
justed for 34-42 mm Hg end-tidal carbon dioxide 
concentration. Increments of fentanyl (0.05-0.1 mg) 
and midazolam (1-2 mg} were administered intrave- 
nously as seemed necessary on clinical grounds. 
Neuromuscular transmission was monitored by re- 
cording the evoked twitch tension of the left adductor 
pollicis muscle in response to supramaximal train-of- 
four stimuli (2 Hz/2 s; pulse width, 0.1 ms) every 15 s 
to the ulnar nerve at the wrist via surface electrodes 
(4,5). 

Both anesthesia and the recording system were 


Anesth Analg 1992;74:519-22 519 


520 DISFENBACH ET AL. 
ATRACURIUM AND VECURONIUM 


Table 1. Patient Data 


Age Weight Height 

Patient group (yr) (kg) (cm) n 
Atracurium 

Infusion 34 + 13 72 + 13 176 + 12 10 

Repeated injection 43 £16 7110 17012 10 
Vecuronium 

Infusion 39+15 69216 1752-11 10 

Repeated injection 46 + 11 67 + 14 169 + 10 10 


Values are mean + sp, except for n. 


allowed to stabilize for at least 10 min before the 
initial dose (2 x EDgs) of a muscle relaxant was given 
intravenously (90 ug/kg vecuronium or 460 pg/kg 
atracurium [6,7]). Neuromuscular blockade was 
maintained either by an infusion of atracurium (n = 
10) or vecuronium (n = 10), which started when the 
first twitch of a train-of-four (T1) had attained 5% of 
its control value, or by increments of 0.6 X EDos of 
atracurium (138 mg/kg, n = 10) or vecuronium 
(27 we/kg, n = 10) injected intravenously whenever 
T1 had returned to 25% of control. The initial infusion 
rates of atracurium (7.2 pg kg~'-min71) and vecuro- 
nium (1.6 ug-kg~*-min~') were adjusted manually at 
3-min intervals for 95% + 5% twitch depression (T1). 
At the end of infusion, or when after the last injection 
of relaxant T1 had recovered to 25% of control, five 
patients of each group after random allocation re- 
ceived intravenous neostigmine (7 ye/kg). 

The neuromuscular recordings of the four groups 
of patients were evaluated for the following variables: 
time from end of injection of the muscle relaxant to 
maximum twitch suppression (time of onset); maxi- 
mum twitch suppression after the initial dose; time 
from end of injection of the initial dose to recovery of 
5% and 25% of control twitch tension (DUR5%,, i, 
DUR25%;,,i4); time from end of injection of the main- 
tenance doses to recovery of 25% of control twitch 
tension [DUR25% maing; time from end of infusion 
to recovery of 25% of control twitch tension 
(DUR25 infus time from end of injection of the 
initial dose to recovery of 25% of control twitch 
tension after the last maintenance dose or following 
the end of infusion (duration of clinical muscle relax- 
ation); time from 25% to 75% twitch recovery (recov- 
ery index); doses infused over 30-min intervals (frac- 
tional doses); and doses of muscle relaxant 
administered by initial injection and consecutive in- 
fusion or repeated injection (total dose). The results 
are presented as means with standard deviation (sp). 
Intergroup and intragroup comparison was per- 
formed by analysis of variance with the Bonferroni 
test and paired Student's t-test, respectively. Regres- 
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sion analysis was carried out using the least-squares 
method. 


Results 


All groups of patients were comparable with respect 
to age, body weight, and height (Table 1). In all 
patients the initial dose of muscle relaxant caused a 
complete neuromuscular blockade. The times of on- 
set of atracurium and vecuronium were not signifi- 
cantly different (1.9 + 0.4 min vs 2.1 + 0.6 min). The 
DUR5%;n of atracurium and vecuronium was 32 + 
4 min and 27 + 5 min, respectively (n = 10 each). The 
manual adjustment of the infusion rate allowed neu- 
romuscular blockade to be maintained between 88% 
and 98% (T1). The duration of infusion of atracurium 
and vecuronium and the total doses administered are 
listed in Table 2. The calculated hourly maintenance 
dose of atracurium, exclusive of the initial dose, was 
360 + 66 wg-kg™ lh“ (1.6 £ 0.3 x EDs ho 1) with 
repeated injection and 390 + 80 ug-kg™ 
0.3 x ED,, h`?) with infusion. The comesponding 
values for vecuronium were 80 + 30 wg-ke*-h7 
(1.8 + 0.5 x wba he “Ty and 70 + 20 ug'kg™t-h™t 
(1.6 + 0.4 x ED, h`’). Thus, the mode of adminis- 
tration did not significantly affect the dose of muscle 
relaxant required to maintain neuromuscular block- 
ade, nor were the maintenance doses of atracurium 
versus vecuronium which were significantly different 
when converted into multiples of the respective ED; 
per hour. Yet, when the rates of infusion were 
divided into 30-min segments, the fractional dose of 
atracurium infused during the first 30 min was 40% 
more (P < 0.005) than all following 30-min fractions, 
whereas the requirement of vecuronium did not 
significantly change with time (Table 3). At the end of 
infusion, the degree of twitch depression (T1) was 
practically equal in both groups (atracurium 94% + 
2%, vecuronium 96% + 3%). The beginning of twitch 
tension recovery occurred 3 + 1 min and 4 + 2 min 
after the end of the atracurium and the vecuronium 
infusions, respectively. The ensuing recovery indices 
are listed in Table 2. 

When the muscle relaxants were administered 
by repeated injection, the DUR25%,,,, and the 
DUR25% maint Were not significantly different be- 
tween the two muscle relaxants (Table 4). No sig- 
nificant correlation could be established between 
the number of repeat doses given and their 
DUR25% maine Despite almost equal maintenance 
doses found on an EDog, basis, significant differences 
were noted in the recovery indices. They were on 
average 10 and 20 min longer after vecuronium 
repeated injection and infusion, respectively, than 
after either mode of administration of atracurium 
(Table 2). Doses of neostigmine as small as 7 ug/kg 
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-Table 2. Spontaneous and Neostigmine-Induced (7 g/kg) Recovery of Twitch Tension After Repeated Injection Versus 


Infusion of Atracurium and Vecuronium 





Recovery index 





Duration of 
infusion Total dose Spontaneous Neostigmine 
(min) (ug/kg) (min) (min) 
Atracurium . 
Infusion 94 + 31 1060 + 200 13 + 4+ 10 + 4° 
n 10 10 5 5 
Repeated injection 960 + 400 12S S22 
n 10 10 5 5 
Vecuronium 
Infusion 115: 22 190 + 50 33 + 17 9+ 37 
n 10 10 5 5 
Repeated injection 190 + 40 Pi eai 7+ 
n 10 10 5 5 
Values are mean + sp, except for n. 
“P <'0.05 vs vecuronium infusion and repeated injection, spontaneous recovery. 
bP < 0.05 vs atracurium infusion, spontaneous recovery. 
€P < 0.05 vs atracurium repeated injection, spontaneous recovery. 
Table 3. Fractional Doses of Atracurium and Vecuronium Infused for 95% Block as a Function of Time 
Infusion rate 
0-30 min 30-60 min 60-90 min 90-120 min 
Atracurium (ug/kg) tA EAD 57-2 1.7 5.6 + 0.7 5.0 + 0.6 
n 10 10 8 3 
Vecuronium (ug/kg) 1.3 + 0.6 12 203 1.0 = 0.3 1.1 + 0.3 
n 10 10 9 7 


Values are mean + sD, except for n. 
‘P < 0.05 vs 30-120 min. 


Table 4. Duration From End of Injection to Recovery to 25% of Control Twitch Tension of Equipotent Doses of 


Atracurium and Vecuronium 


Maintenance dose No.’ 


Initial dose” 1 2 4 9 6 4 8> 9 10 
Atracurium 
DUR25 (min) 39 + 6 23 + 6 24+ 4 25 +4 25.45 27 t6 227 21 21 16 22 
n 10 10 10 4 3 2 1 1 1 1 
Vecuronium 
DUR25 (min) 36 + 11 25 9 25 + 11 23 Ł8 2E 12 21+1 
n 10 10 10 7 4 2 
Values are mean + sp, except for n. 
“0.6 X EDos: atracurium, 138 ug/kg; vecuronium, 27 pg/kg. 
°2 x EDgs: atracurium, 460 ug/kg; vecuronium, 90 ng/kg. 
significantly reduced the recovery index on average Discussion 


73% after vecuronium infusion, 48% after vecuro- 
nium repeated injection, 33% after atracurium re- 
peated injection, and 23% after atracurium infusion. 
There were no significant differences between the 
resulting recovery indices (Table 2). 


In the present study, no significant difference was 
noted in the DUR25 of equipotent initial and mainte- 
nance doses of atracurium versus vecuronium. In 
addition, the DUR25% ain, Was constant up to 10 
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injections for both muscle relaxants. These findings 
are in keeping with a previous communication, 
where after an initial dose of vecuronium (100 pg/kg) 
as many as 15 maintenance doses (25 pg/kg) showed 
a constant DUR25 and where the absolute values of 
both the DUR25 and the recovery index were similar 
to the present data (4). Using a similar protocol to 
compare vecuronium and atracurium, Khuenl-Brady 
et al. (1) found DUR25 values comparable to ours, yet 
these authors disregarded the recovery index. The 
latter was studied by Erkola et al. (8) who, using 
isoflurane anesthesia, found a slightly longer recov- 
erv index (13 + 2 min) after a single dose of vecuro- 
nium (100 ug/kg) than after atracurium (500 pg/kg; 
10 + 4 min; P < 0.001). They also reported a similarly 
small difference in the recovery indices after vecuro- 
nium (300 + 200 pe/kg) and atracurium (1400 + 
900 pg/kg) given in divided doses (20 + 8 min and 
16 + 4 min, respectively; P <.0.05), thus supporting 
our data. 

The somewhat slower recovery from vecuronium 
relative to atracurium neuromuscular blockade may 
be due to the two to three times faster plasma 
clearance of atracurium (9,10). Fisher and Rosen (11) 
were able to simulate that at 25% recovery of control 
twitch tension, atracurium is already in its elimina- 
tion phase while vecuronium has not yet completed 
its distribution. Thus, after repeated injection or 
prolonged infusion, a retarded recovery from neuro- 
muscular blockade would appear more likely to occur 
with vecuronium than with atracurium. In the 
present study, the relatively high plasma clearance of 
atracurium (9,10) is also reflected by the higher initial 
rate of infusion required to obtain a stable 95% 
neuromuscular blockade, whereas only minor adjust- 
ments were necessary with vecuronium infusion. 
Similar findings were reported by previous workers 
(12,13). 

Our recovery indices after infusion were on aver- 
age as much as 20. min longer with vecuronium than 
with atracurium, being much more prolonged than 
the 5-min difference reported by Ali et al. (13). The 
average 10-min increase in recovery index after vecu- 
ronium infusion relative to its repeated injection 
confirms the data of Noeldge et al. (3) where the 
recovery index after constant infusion was on average 
11 min longer than after repeated injection. An earlier 
discussion of possible pharmacokinetic mechanisms 
generating different recovery indices for the same 
muscle relaxant failed to provide a satisfactory expla- 
nation (3); our knowledge on the disposition of 
vecuronium in humans is insufficient to allow satis- 
factory conclusions. 
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In conclusion, for maintenance of neuromuscular 
blockade the requirements of atracurium and vecuro- 
nium did not significantly differ from their mode of 
administration. On an ED, basis, there was not even 
a significant difference between the maintenance 
doses of the two muscle relaxants. Nevertheless, the 
recovery index after infusion of vecuronium was 
significantly longer than after either mode of admin- 
istration of atracurium. These differences may be 
considered of minor importance clinically, as a single 
dose of neostigmine as small as 0.5 mg/70 kg was 
effective in significantly reducing all recovery indices, 
thereby eliminating the difference in the recovery 
characteristics related to both the muscle relaxants 
and their modes of administration. 
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Dezocine is an agonist-antagonist opiate that acts at 
the mu receptor, and is used for management of pain. 
Monkeys will readily press a lever to receive an 
injection of dezocine, and in former opiate addicts 
dezocine produces positive subjective effects similar 
to those of morphine. It is not clear, however, what 
its subjective effects are in people who do not have a 
history of opiate abuse. To answer this question, a 
within-subjects design was used in which 10 normal 
healthy volunteers (six men, four women) were in- 
jected with 0, 2.5, 5.0, and 10 mg/70 kg of dezocine in 
a double-blind fashion. Subjects completed several 
questionnaires (e.g., Addiction Research Center In- 
ventory) commonly used in abuse liability testing 
before and at periodic intervals for up to 5 h after 
drug injection. We also assessed psychomotor perfor- 
mance (e.g., eye-hand coordination) and several 


ezocine (Dalgan; ASTRA Pharmaceutical 
[Presses Westborough, Mass.) is a mixed 

agonist-antagonist opiate that acts at the mu 
receptor. It is principally used as a postoperative 
analgesic and is as effective in reducing moderate to 
severe pain as the pure mu-opiate agonist morphine 
(1). In laboratory tests of drug abuse potential, dezo- 
cine is reportedly similar to morphine. In a preclinical 
study, nondependent rhesus monkeys readily 
pressed a lever that resulted in intravenous injections 
of dezocine (i.e., they self-administered dezocine), 
indicating that, like morphine and other opiates, it 
has rewarding or reinforcing properties (2). Dezocine 
also produces subjective effects in human ex-addicts 
that are similar to those of morphine, i.e., euphoria 
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physiologic measures (e.g., pupil size, respiration 
rate) at these times. Dezocine produced increases in 
ratings of drug liking (P < 0.001), as well as other 
subjective effects that might be considered as pleas- 
ant (“good mood,” “drunken,” “coasting,” “happy” 
ratings) (all P < 0.05). At the same time, the drug had 
effects (increased dysphoria and sedation) that typi- 
cally are not reported by addicts. Dezocine produced 
psychomotor impairment and miosis (constriction of 
the pupils) in a dose-dependent fashion. The obser- 
vation that dezocine produces euphoria and in- 
creased drug-liking ratings in individuals without 
histories of drug abuse suggests that hospitals and 
surgicenters should have strict accountability proce- 
dures with this drug. 

(Anesth Analg 1992;74:523-30) 


and drug liking with minimal sedation (3). These 
findings indicate that dezocine has some potential for 
abuse. An unanswered question is to what extent 
humans without a history of opiate abuse report 
euphorigenic effects from dezocine. Healthy normal 
volunteers report experiencing some dysphoric but 
also some pleasant effects from opiates (e.g., fenta- 
nyl, meperidine, morphine). The latter suggests that 
under some circumstances, certain individuals with- 
out a history of extensive drug use may be at risk for 
abusing these drugs (4-6). The question whether 
dezocine in particular has potential for abuse is 
important because dezocine is readily accessible in 
many hospitals and surgicenters, and medical per- 
sonnel without a history of opiate abuse may, for 
various reasons (e.g., stress, experimentation, self- 
medication), use the drug themselves. Medical per- 
sonnel, and in particular anesthesiologists, are 
known to be at increased risk for narcotics abuse, and 
a frequently cited reason for this phenomenon is the 
ready accessibility of opiates to medical personnel 
(7-11). Thus, it is important to assess the subjective, 
and in particular, euphorigenic, effects of dezocine to 
evaluate its likelihood of abuse, and perhaps to 
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improve accountability procedures associated with 
this drug. 

Only two studies have examined the subjective 
effects of dezocine in healthy normal subjects. In one 
study, healthy normal subjects received intravenous 
dezocine (10 mg/70 kg) and retrospectively reported 
sleepiness or nausea (12). Although direct measures 
of drug-induced euphoria or liking were not ob- 
tained, the authors concluded that “subjects did not 
find the effects of dezocine pleasant.” In the other 
study, subjects received 10.5 mg/70 kg dezocine in- 
travenously, and again reported marked sedation 
and drowsiness (13). In the present study, we at- 
tempted to characterize more fully the subjective 
effects of several doses of intravenous dezocine in 
healthy volunteers, using standardized question- 
naires for assessing the abuse liability of drugs. We 
also assessed psychomotor performance because this 
is considered to be an adjunct measure of abuse 
liability—those drugs that produce greater cognitive/ 
psvchomotor impairment are considered to be more 
hazardous to the user and to others than those drugs 
that produce less impairment (14). Lastly, we mea- 
sured several physiologic variables, including pupil 
constriction or miosis. 


Methods 


We recruited subjects from the local university com- 
munity via newspaper and bulletin board advertise- 
ments. Candidates who met screening criteria (i.e., 
21-35 yr old consuming at least one alcoholic bever- 
age per week and having no current medical prob- 
lems) were scheduled for a screening interview. At 
the interview, they completed the SCL-90 (15) and a 
health questionnaire to determine their psychiatric 
and medical status. A psychiatric social worker con- 
ducted a psychiatric interview. Candidates with any 
history of significant psychiatric disorders or sub- 
stance use disorder (16), except for tobacco depen- 
dence, were excluded. An anesthesiologist per- 
formed a medical history and physical examination, 
and volunteers with a history of neurologic, cardiac, 
pulmonary, hepatic, or renal disease, or any other 
medical contraindication were excluded from the 
study. Women who were pregnant (as determined by 
a pregnancy test), or who indicated a desire to 
become pregnant around the time of the study, were 
also excluded. Informed consent from each subject 
was obtained before initiating the study. Subjects 
were told that the drug(s) to be used (a) were com- 
monly used in medical settings, and (b) could come 
from one of five classes (i.e., sedative/tranquilizer, 
stimulant, opiate, alcohol, or saline placebo). Pay- 
ment for the study was made during a debriefing 
session, held after completion of the study. Due 
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consideration was given to the ethics of administer- 
ing drugs with some potential for abuse to normal 
volunteers. Exposure to the drug was limited to acute 
administration of relatively low doses, separated by 
at least 1 wk. There is no evidence that administration 
of sedative or analgesic drugs under these conditions 
(i.e., in medical settings and with psychiatrically 
healthy volunteers) increases the risk for subsequent 
abuse or dependence. This study was approved by 
a a Institutional Review Board. 

e experiment was performed as a double-blind, 
randomized, crossover trial and took place in our labo- 
ratory. Each of the four sessions was approximately 6 h 
in duration (9 AM to 3 PM). Subjects were instructed not 
to eat food for 4h or drink any liquids (including water) 
for 2 h before sessions. On arrival at the laboratory, 
subjects completed several mood forms and psychomo- 
tor tests, and their respiration rate, heart rate, arterial 
blood pressure, and pupil size were recorded. Subjects 
then laid down on a bed and were injected in a forearm 
vein with either dezocine or saline by an anesthesiolo- 
gist. The drug injected was prepared by one anesthesi- 
ologist and administered by another to preserve the 
double-blind nature of the study. Across sessions, 
subjects were injected over a 15-s period with either 0, 
2.5, 5.0, or 10 mg/70 kg dezocine. Subjects then re- 
mained supine for 3 h after which they could arise if 
they desired. At periodic intervals after the injection 
(see below and Table 1), mood, psychomotor perfor- 
mance, and physiologic status of the subject were 
assessed. Subjects were permitted to drink water dur- 
ing sessions, but they were not allowed to eat until the 
end of the session. When no tests were scheduled, 
subjects were free to engage in sedentary recreational 
activities such as reading, listening to the radio or to 
cassette tapes, and watching TV, but studying was not 
permitted. The sessions were spaced at least 1 wk 
apart. 

Dependent measures included subjective effects, 
psychomotor performance, and physiologic status of 
subjects. Four subjective effects inventories that have 
been included in numerous drug abuse liability test- 
ing studies were used (17). 


1. The Addiction Research Center Inventory is a 
standardized true-false questionnaire designed to 
differentiate among different classes of psychoac- 
tive drugs. A computerized short-form of the 
Addiction Research Center Inventory was used 
(18,19) that has 53 items and yields scores for six 
different scales: Pentobarbital-Chlorpromazine- 
Alcohol-Group (a measure of sedation), Benze- 
drine Group (a measure of intellectual efficiency 
and energy), Amphetamine (a measure specific for 
dose-related effects of amphetamine), Lysergic 
Acid (a measure of somatic and dysphoric effects), 
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Table 1. Time Points When Measures Were Collected 
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Minutes 
0° 5 15 30 4 6 7 9 105 120 150 180 210 240 270 300 

Subjective effects 

ARCI X X X X X X X 

VAS X, X X X X X X X X X X X X X X 

OAC X X X X X X X 

Drug effects/liking X X X X X X X X X X X X X X X 
Psychomotor performance 

Maddox Wing X X X X X X X 

Coordination X X X X X X X 

DSST X X X X X X X 
Physiologic measures 

Heart rate X X X X X X X 

Blood pressure X X X X X X X 

Respiration rate X X X X X X X 

Pupil size X X X X 


ARCI, Addiction Research Center Inventory; VAS, Visual Analogue Scale; OAC, Opiate Adjective Checklist; DSST, Digit Symbol Substitution Test. 
* “0 refers to baseline measures collected immediately before drug injection. 


Morphine-Benzedrine Group (a measure of eu- 
phoria), and Marijuana (a measure of marijuana 
effects [19]). . 

2. The Opiate Adjective Checklist is sensitive to the 
somatic and subjective effects of opiates from the 
mu class (20). The checklist consists of 17 items 
that the subject rates on a five-point scale from 0 
(“not at all”) to 4 (“extremely”). The items in the 
adjective list are from the Agonist scale (21) and 
are as follows: “flushing,” “skin itchy,” “sweat- 
ing,” “turning of stomach,” “nodding,” “re- 
laxed,” “coasting or spaced out,” “talkative,” 
“heavy or sluggish feeling,” “dry mouth,” 
“drive,” “sleepy,” “carefree,” “drunken,” “good 
mood,” “tingling,” and “energetic.” The ratings 
for each of the individual items in the scale are 
added to determine a single score. 

3. The Visual Analogue Scale consists of eleven 
100-mm lines, each labeled with the adjectives, 
“stimulated,” “happy,” “sick,” “high,” “anx- 
ious,” “sedated,” “down,” “hungry,” “nau- 
seous,” “dizzy,” and “lightheaded.” Subjects are 
instructed to place a mark on each line indicating 
how they feel at the moment, ranging from “not at 
all” to “extremely.” 

4. The Drug Effects/Liking questionnaire assesses the 
extent to which subjects currently feel a drug effect 
on a scale of 1 to 5 (1 = “T feel no effect from it at 
all”; 5 = “I feel a very strong effect”) and assesses 
the extent to which subjects like the drug effect on 
a 100-mm line (0 = dislike a lot; 50 = neutral; 100 = 
like a lot). 


Subjects completed three psychomotor tests: Mad- 
dox Wing, eye-hand coordination, and Digit Symbol 


Substitution Test. The Maddox Wing test measures 
relative position of the eyes in prism diopters. Some 
drugs, including opiates (22), cause extraocular mus- 
cles of the eye to diverge (exophoria), and this diver- 
gence is considered to be an indicator of psychomotor 
impairment (23). To measure eye-hand coordination 
skills, the subject, using his/her dominant hand, 
traces a randomly moving target on a computer 
screen with a mouse for 2 min (24). The dependent 
measure is number of coordination mistakes. Coor- 
dination mistakes are assessed by counting the num- 
ber of times the cross exceeded a certain distance 
(1 cm) from the target. In the Digit Symbol Substitu- 
tion Test, subjects replace a number with a corre- 
sponding symbol; the paper-and-pencil test is timed 
for 1 min and the dependent measure is the number 
of symbols correctly matched by the subject (25). 

Four physiologic measures were assessed: heart 
rate, blood pressure, respiration rate, and miosis. 
Miosis, or pupil constriction, is a physiologic marker 
of mu-opiate effects (26) and was measured by pho- 
tographing the subject’s nght pupil in a dimly lit 
room. 

Separate repeated measures analyses of variance 
was used for each dependent measure. Analyses of 
variance were performed with dose (0, 2.5, 5, and 10 
mg/70 kg) and time (7-16 levels) as the factors. F 
values were considered significant for P < 0.05 with 
adjustments of within-factors degrees of freedom 
(Huynh-Feldt) to protect against violations of symme- 
try. Values reported in this paper will be limited to 
dose or dose X time interactions. When appropriate 
(e.g., when dose X time interactions were obtained), 
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planned comparisons were made, comparing saline 
values to drug values at selected times. 


Results 


Six men and four women (mean age 22 + 1.5 yr; 
mean weight 72 + 14.7 kg) participated. Their mean 
number of alcoholic drinks consumed per week was 
7.0 + 3.9 drinks. Three subjects currently smoked 
maryuana at least once a month. Nine of the 10 
subjects had had previous exposure to opiates: five 
subjects had used opiates exclusively for medical 
purposes, two for recreational purposes only, and 
two for recreational and medical purposes. In those 
subjects who used opiates for recreational purposes, 
lifetime use was relatively light (i.e., <10 times used 
for any one opiate). 


Subjective Effects 


On the Addiction Research Center Inventory, using 
the four possible doses and different times as fac- 
tors, significant or near-significant (P = 0.10) dose x 
time effects were obtained on the Pentobarbital- 
Chlorpromazine-Alcohol-Group [F(18,162) = 1.8, P = 
0.06], Benzedrine Group [F(18,162) = 2.8, P < 0.01], 
Lysergic Acid [F(18,162) = 2.9, P < 0.005] , Mor- 
phine-Benzedrine Group [F(18,162) = 1.6, P = 0.01], 
and Marijuana [F(18,162) = 5.4, P < 0.001] scales. 
Figure 1 shows the Morphine-Benzedrine Group and 
Lysergic Acid scales. Morphine-Benzedrine Group 
scores across the active doses were all increased to a 
similar degree, whereas Lysergic Acid scores tended 
to be dose-related in terms of both peak and time- 
course of effects. Marijuana scores (not shown) were 
also dose-related. Although all doses of dezocine 
increased Pentobarbital-Chlorpromazine-Alcohol- 
Group scores and decreased Benzedrine Group 
scores (not shown), the two higher doses produced 
greater changes in scores than did the low dose. In 
general, dezocine effects as measured by the Addic- 
tion Research Center Inventory had peaked within 
1 h of drug injection and had dissipated by 5-h after 
injection. 

On the Visual Analogue Scale, using the four 
possible doses and different times as factors, signifi- 
cant dose or dose x time effects were obtained on the 
“high” [dose x time: F(45,405) = 3.5, P < 0.001], 
“sedated” [dose x time: F(45,405) = 2.1, P < 0.05], 
“happy” [dose: F(3,27) = 3.1, P < 0.05], “hungry” 
[dose x time: F(45,405) = 2.1, P < 0.05], “light- 
headed” [dose x time: F(45,405) = 3.7, P < 0.001], 
and “dizzy” [dose x time: F(45,405 = 3.1, P < 0.005] 
ratings. Figure 2 shows the “happy,” “high,” ‘‘se- 
dated,” and “hungry” scales. There tended to be no 
dose-response relationship on “happy” ratings, but 


ANESTH ANALG 
1992;74:523~30 


MBG - "EUPHORIA" (ARCI) 


SCORE 


2 = N GF FSF Q Q 


O 60 120 180 240 300 


LSD - "DYSPHORIA" (ARCI) 


SCORE 
P @ & © Q N O 


0 60 120 180 240 300 


TIME (min) 

Figure 1. Time-course of the effects of 0 mg (small circle-thin line), 
2.5 mg (square), 5.0 mg (triangle), and 10 mg (large circle-thick line) 
per 70 kg dezocine on scores from the Morphine-Benzedrine 
Group (top) and Lysergic Acid (bottom) scales of the Addiction 
Research Center Inventory. Each point is the mean across 10 
subjects. Time point 0 refers to effects measured immediately 
before the injection. Solid symbols indicate that a dezocine dose is 
significantly different from placebo at a given time point (planned 
comparison test; P < 0.05). Standard error of the mean from the 
scores on the Morphine-Benzedrine Group scale ranged from 0.2 to 
1.3; sem from the scores on the Lysergic Acid (bottom) scale ranged 
from 0.2 to 1.1. 


“hungry” ratings decreased as a function of dezocine 
dose. Although all doses of dezocine increased 
“high,” “sedated,” “lightheaded,” and “dizzy” rat- 
ings, the two higher doses produced greater changes 
in ratings than did the low dose. 

Dezocine significantly increased scores on the Opi- 
ate Adjective Checklist in a dose-related fashion, 
using the four possible doses and different times as 
factors [dose x time: F(18,162) = 5.0, P < 0.001]. 
Individual analysis of variance were also performed 
on each of the 17 adjectives in the checklist. Ratings 
on six of the 17 adjectives increased significantly 
(dose and/or dose X time effects) after dezocine: 
“itching,” “nodding,” “coasting or spaced out,” 
“sleepy,” “drunken,” and “good mood.” Near- 
significant increases were obtained on the follow- 
ing three measures: “relaxed,” ‘‘carefree,” and 
“sweaty.” Figure 3 shows the effects of dezocine on 
“good mood,” “drunken,” and “coasting or spaced 
out” ratings. The increases in “good mood” ratings 
were not dose-related. Although all doses of dezocine 
increased “drunken” and “coasting or spaced out’ 
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Figure 2. Time-course of the effects of 0 mg (small circle-thin line), 
2.5 mg (square), 5.0 mg (triangle), and 10 mg (large circle-thick line) 
per 70 kg dezocine on “happy” (top left), “high” (top right), 
“sedated” (bottom left), and “hungry” (bottom right) ratings from the 
VAS. Standard error of the mean from the happy ratings ranged 
from 4.8 to 10.6; sem from the high ratings ranged from 0.2 to 13.6; 
sEM from the sedated ratings ranged from 0.1 to 11.5; sEM from the 
hungry ratings ranged from 3.0 to 10.7. See Figure 1 for further 
details. 


ratings, the two higher doses produced greater 
changes in ratings than did the low dose. 

There was a significant increase in how much 
subjects felt a drug effect, with the two higher doses 
producing similar increases (Figure 4, top) [dose x 
time: F(45,405) = 8.5, P < 0.001]. Drug liking was 
significantly increased by dezocine but not in a dose- 
dependent fashion (Figure 4, bottom) [dose x time: 
F(45,405) = 2.8, P < 0.001]. Nine subjects had liking 
rating increases of 20 mm or more with one or more 
doses of dezocine (i.e., comparing a baseline score to 
a score from a given time point after drug injection), 
but no subjects had such increases with saline. 


Psychomotor Performance 


Number of mistakes made on the eye-hand coordi- 
nation test increased after the two higher doses of 
dezocine, using the four possible doses and different 
times as factors [dose: F(3,27) = 8.2, P < 0.001). 
Subjects were still impaired 4 h after the 10 mg/70 kg 
dose of dezocine, relative to when they received 
saline (Figure 5, top). Digit Symbol Substitution Test 
performance was similarly impaired by dezocine (Fig- 
ure 5, bottom), with the highest dose producing the 
greatest degree of impairment [dose X time: F(18,162) 
= 2.0, P < 0.05]. Motor functioning of the eyes, as 
measured by the Maddox Wing test, was impaired 
(dose: F(3,27) = 4.9, P < 0.01]: the highest dose 
produced the greatest degree of exophoria and the 
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Figure 3. Time-course of the effects of 0 mg (small circle-thin line), 
2.5 mg (square), 5.0 mg (triangle), and 10 mg (large circle-thick line) 
per 70 kg dezocine on “good mood” (top), “drunken” (middle), and 
“coasting or spaced out” (bottom) ratings from the Opiate Adjective 
Checklist. Standard error of the mean from the good mood ratings 
ranged from 0.2 to 0.4; sem from the drunken ratings ranged from 
0.0 to 0.5; sem from the coasting ratings ranged from 0.0 to 0.5. See 
Figure | for further details. 


two lower doses produced a similar degree of impair- 
ment. 


Physiologic Measures 


Blood pressure, heart rate, and respiration rate were 
unaffected by the doses of dezocine tested, but pupil 
size decreased in a dose-dependent fashion [dose Xx 
time: F(9,81) = 11.6, P < 0.001] (Figure 6.) 


Discussion 


In the present study, doses of intravenous dezocine 
of up to 10 mg/70 kg produced mood effects indicative 
of euphoria, including increases in ratings of drug 
liking, increased Morphine-Benzedrine Group (‘‘eu- 
phoria’’) scores, and increased “happy” and “good 
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Figure 4. Time-course of the effects of 0 mg (small circle-thin line), 
2.5 mg (square), 5.0 mg (triangle), and 10 mg (large circle—thick line) 
per 70 kg dezocine on the “Feel.Drug Effect’ question (top) and 
‘Drug Effects Liking” question (bottom) from the Drug Effects/ 
Liking questionnaire. On the Feel Drug Effect question, subjects 
were asked to rate the intensity of the drug effect as they were 
currently experiencing it (from 1 = “I feel no effect from it at all” to 
5 = “J feel a very strong effect’). On the Drug Effects Liking 
question, subjects were asked how much they liked the drug effect 


as they were currently experiencing it (on a visual analogue scale of _ 


0 to 100 with the following descriptors: 0 = dislike a Jot; 50 = 
neutral; 100 = like a lot), Standard error of the mean from the Feel 
Drug Effect ratings ranged from 0.0 to 0.4; sem from the Drug 
Effects Liking ratings ranged from 0.4 to 9.2. See Figure 1 for 
further details. 


mood” ratings. Although these ratings of liking and 
euphoria were not dose-dependent (i.e., all three 
doses produced similar magnitudes of effect), other 
subjective effects, psychomotor performance, and 
physiologic effects were dose-dependent. 

The finding that nine of the 10 subjects experi- 
enced some “pleasant” subjective effects from dezo- 
cine, at least at one dose tested, is consistent with a 
number of other studies using healthy volunteers 
(4—6). In a recent study completed in our laboratory, 
for example, the majority.of normal healthy volun- 
teers reported liking the effects of intravenous fenta- 
nyl (dose range 25-100 ug/70 kg) (27). Nevertheless, 
some subjects reported not liking the drug effects, 
and several subjects reported biphasic effects, includ- 
ing both liking and disliking of the drug. Other 
researchers also have reported disliking of opiates 
among normal volunteers (28,29) or variability in 
drug liking both within and between individuals (4). 
Although the basis of these differences across studies 
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Figure 5. Time-course of the effects of 0 mg (small circle-thin line), 
2.5 mg (square), 5.0 mg (triangle), and 10 mg (large circle-thick line) 
per 70 kg dezocine on mistakes on the eye-hand coordination test 
(top) and scores from the Digit Symbol Substitution Test (bottom). 
Standard error of the mean from the mistakes made on the 
eye-hand coordination test ranged from 2.2 to 5.3. sem from the 
Digit Symbol Substitution Test scores ranged from 1.5 to 3.2. See 
Figure 1 for further details. 
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Figure 6. Time-course of the effects of 0 mg (small circle-thin line), 
2.5 mg (square), 5.0 mg (triangle), and 10 mg (large circle-thick line) 
per 70 kg dezocine on pupil size of the right eye. Standard error of 
the mean from the miosis ratings ranged trom 0.3 to 0.6. See Figure 
1 for further details. 


remains unclear, the discrepancies challenge the 
common lore that healthy volunteers find the effects 
of opiate drugs dysphoric and aversive (28,29). 

The subjective and physiologic effects of dezocine 
have also been studied in ex-addict subjects, using a 
slightly higher range of doses (15-60 mg subcutane- 
ous) (3). The ex-addicts reported euphoriant subjec- 
tive effects, and, as in the present study, a flattening 
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of the dose-response function at higher doses. Inter- 
estingly, in both the present study and the study with 
ex-addicts, the physiologic responses (i.e., miosis), 
unlike the subjective effects, were dose-dependent. 
The reason for this dissociation in dose-response 
relations across different dependent measures is not 
clear. It may be related to the limited efficacy of the 
drug on certain receptors (i.e., partial agonism) or it 
may be related to the sensitivity of the respective 
dependent measures to changes in dose. 

The subjective responses to dezocine in the normal 
volunteers also differed from the responses of the 
ex-addicts on certain measures. For example, normal 
volunteers, but not ex-addicts, showed increases in 
sedation (e.g., increased Pentobarbital-Chlorproma- 
zine-Alcohol-Group scores on the Addiction Re- 
search Center Inventory and ratings of “sedated” on 
the Visual Analogue Scale) or dysphoria (e.g., in- 
creased Lysergic Acid scores on the Addiction Re- 
search Center Inventory). Such differences between 
normal volunteers and addicts or ex-addicts have 
been noted previously (27,30) and may indicate that 
tolerance to these effects has developed in the latter 
population. 

One other result concerning the subjective effects 
of dezocine obtained in our study deserves comment: 
hunger ratings decreased across the course of the 
session as a function of dezocine dose, even though 
in other studies opiates increase caloric intake (31,32). 
There are at least two possible explanations for this 
apparent “discrepancy.” First, self-reports of hunger 
may vary independent of caloric intake (33,34). Sec- 
ond, it is possible that the antagonist properties of 
dezocine may have decreased hunger ratings (35). 

In conclusion, the majority of subjects in our study 
reported liking the effects of intravenous dezocine at 
at least one dose. Although neither liking nor other 
euphoriant-like effects were dose-related, other sub- 
jective effects, as well as psychomotor impairment, 
and miosis were dose-related. Our finding that 
healthy volunteers liked a mu opiate agonist/antag- 
onist is (a) consistent with a number of other studies 
that have documented some positive subjective ef- 
fects of mu opiates in healthy normal subjects (4-6) 
and (b) suggests that the notion that healthy normal 
subjects uniformly dislike opiates needs to be reeval- 
uated (28,29). More studies need to be conducted to 
explore the basis of individual differences in the 
degree of liking for opiates in healthy volunteers 
(4,36). Finally, we agree with the drug manufactur- 
ers warning label on the dezocine package insert: 
“.,. strong mixed agonist-antagonist drugs have 
reportedly been associated with abuse and depen- 
dence in health-care providers and others with ready 
access to such drugs. Dalgan should be handled 
accordingly.” We recommend that strict accountabil- 
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ity practices (e.g., drug storage, drug sign-out proce- 
dures) be implemented in medical institutions with 
dezocine to discourage nonmedical use of this drug. 





We thank Drs. Dennis W. Coalson, Richard S. Finn, Anna M. 
Uitvlugt, and David C. Flemming for their assistance in injecting 
and monitoring the subjects, Dr. S. McCracken for subject screen- 
ing, and June Zaragoza and Sarita Golikere for assistance in 
conducting the study. 


References 


1. O’Brien JJ, Benfield P. Dezocine: a preliminary review of its 
pharmacodynamic and pharmacokinetic properties and thera- 
peutic efficacy. Drugs 1989;38:226-48. 

2. Young AM, Stephens KR, Hein DW, Woods JH. Reinforcing 
and discriminative stimulus properties of mixed agonist- 
antagonist opioids. J Pharmacol Exp Ther 1984;229:118-26. 

3. Jasinski DR, Preston KL. Assessment of dezocine for mor- 
phine-like subjective effects and miosis. Clin Pharmacol Ther 
1985;38:544-8. 

4, Hoehe M, Duka T, Doenicke A. Human studies on the u opiate 
receptor agonist fentanyl: neuroendocrine and behavioral re- 
sponses. Psychoneuroendocrinology 1988;13:397-408. 

5. Jarvik LF, Simpson JH, Guthrie D, Liston EH. Morphine, 
experimental pain, and psychological reactions. Psychophar- 
macology 1981;75:124-31. 

6. Kornetsky C, Humphries O, Evarts EV. Comparison of psy- 
chological effects of certain centrally acting drugs in man. Arch 
Neurol Psychiatry 1957;77:318-24. 

7. Brooke D, Edwards G, Taylor.C. Addiction as an occupational 
hazard: 144 doctors with drug and alcohol problems, Br J 
Addict 1991;86:1011-6. 

8. Maki DG, Klein BS, McCormick RD, Alvarado CJ, et al. 
Nosocomial Pseudomonas picketti bacteremias traced to narcotic 
tampering: a case for selective drug screening of health care 
personnel. JAMA 1991;265:981-6. 

9. Rosenberg M. Drug abuse in oral and maxillofacial training 
programs. J Oral Maxillofac Surg 1986;44:458-62. 

10. Spiegelman WG, Saunders L, Mazze RI. Addiction and anes- 
thesiology. Anesthesiology 1964:60;335-41. 

11. Ward CF, Ward GC, Saidman LJ. Drug abuse in anesthesia 
training programs: a survey: 1970 through 1980. JAMA 1983; 
250:922-5. 

12. Romagnoli A, Keats AS. Ceiling respiratory depression by 
dezocine. Clin Pharmacol Ther 1984;35:367-73. 

13. Gal TJ, DiFazio CA. Ventilatory and analgesic effects of dezo- 
cine in humans. Anesthesiology 1984;61:716—22. 

14, Roache JD, Griffiths RR. Abuse liability of anxiolytics and 
sedative/hypnotics: methods assessing the likelihood of abuse. 
In: Fischman MW, Mello NK, eds. Testing for abuse liability of 
drugs in humans. Rockville, Md.: National Institute on Drug 
Abuse Research Monograph Series (No. 92), 1989:123—-46. 

15. Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Coci L. 
The Hopkins Symptom Checklist (HSCL): a self-report symp- 
tom inventory. Behav Sci 1974;19:1~15. 

16. American Psychiatric Association: diagnostic and statistical 
manual of mental disorders. Washington, D.C.: American 
Psychiatric Association, 1987. 

17. Schuster CR. Testing and abuse liability of drugs in humans. 
In: Fischman MW, Mello NK, eds. Testing for abuse liability of 
drugs in humans. Rockville, Md.: National Institute on Drug 
Abuse Research Monograph Series (No. 92), 1989:1-4. 

18. Martin WR, Sloan JW, Sapira JD, Jasinski DR. Physiologic, 
subjective, and behavioral effects of amphetamine, metham- 
phetamine, ephedrine, phenmetrazine, and methylphenidate 
in man. Clin Pharmacol Ther 1971;12:245-58. 


530 


19, 


20. 


21. 


24. 


26. 


ZACNY ET AL. 
SUBJECTIVE EFFECTS OF DEZOCINE 


Chait LD, Fischman MW, Schuster CR. “Hangover” effects the 
morning after marijuana smoking. Drug Alcohol Depend 1985; 
15:229--38. 

Preston KL, Bigelow GE, Liebson JA. Antagonist effects of 
nalbuphine in opioid-dependent human volunteers. J Pharma- 
col Exp Ther 1989;248:929-37. 

Fraser HF, van Horn GD, Wolbach AB, Isbell H. Methods for 
evaluating addiction liability. (A) “Attitude” of opiate addicts 
toward opiate-like drugs. (B) A short-term “direct” addiction 
test. J Pharmacol Exp Ther 1961;133:371-87. 


. Manner T, Kanto J, Salonen M. Simple devices in diferentiat- 


ing the effects of buprenorphine and fentanyl in healthy 
volunteers. Eur J Clin Pharmacol 1987;31:673-6. 


. Hannington-Kiff JG. Measurement of recovery from outpatient 


general anesthesia with a simple ocular test. Br Med J 1970;3: 
132-5. , 

Nuotto EJ, Korttila KT. Evaluation of a new computerized 
psychomotor test battery: effects of alcohol. Pharmacol Toxicol 
1991;68:360-5. 


. Wechsler D. The measurement and appraisal of adult intelli- 


gence. Baltimore: Williams & Wilkins, 1958. 

Jasinski DR. Assessment of the abuse potential of morphine- 
like drugs (methods in man). In: Martin WR, ed. Handbook 
of exverimental pharmacology. Volume 45/1. Heidelberg: 
Springer-Verlag, 1977:197-258. 


. Zacny JP, Lichtor JL, Zaragoza JG, de Wit H. Subjective and 


ANESTH ANALG 
1992;74:523-30 


behavioral responses to intravenous fentanyl in healthy vol- 
unteers. Psychopharmacology (in press). 


. Lasagna L, von Felsinger JM, Beecher JK. Drug-induced mood 


changes in man. JAMA 1955;157:1006~20. 


. Smith GM, Beecher HK. Subjective effects of heroin and 


morphine in normal subjects. ] Pharmacol Exp Ther 1962;136: 
47-52. 


. Preston KL, Jasinski DR. Abuse liability of opioid agonist- 


antagonists in humans. Drug Alcohol Depend 1991;28:49-82. 


. McLean S, Hoebel BG. Feeding induced by opiates injected 


into the paraventricular hypothalamus. Peptides 1983;4:287— 
93 


. Morley JE, Gosnell BA, Krahn DD, Mitchell JE, Levin AS. 


Neuropeptdergic regulation of feeding. Psychopharmacol Bull 
1985;21:400-5. 


. Foltin RW, Fischman MW, Byrne MF. Effects of smoked 


marijuana on food intake and body weight of humans living in 
a residential laboratory. Appetite 1988;11:1-14. 


. Zacny JP, de Wit H. Effects of food deprivation on subjective 


effects and self-administration of marijuana in humans. Psy- 
chol Rep 1991;68:1263-74. 


. Wolkowitz OM, Doran AR, Cohen MR, Cohen RM, Wise TN, 


Pickar D. Single-dose naloxone acutely reduces eating in obese 
humans: behavioral and biochemical effects. Biol Psychiatry 
1988;24:483-7. 


. McAuliffe WE. A second look at first effects: the subjective 
_ effects of opiates on nonaddicts. J Drug Issues 1975;5:369-99. 


Comparison of the Endotracheal Tube and Laryngeal Mask 
in Airway Management by Paramedical Personnel 


John H. Pennant, MA, MB, BS, FCAnaes, and Martin B. Walker, MB, BS, FCAnaes 
Department of Anesthesiology, University of Texas Southwestern Medical School, Dallas, Texas 


An evaluation of the laryngeal mask airway (LMA) as 
a means of airway support when used by paramedi- 
cal personnel was performed. Forty medical and 
paramedical students attempted to intubate the tra- 
cheas of 40 healthy anesthetized adults with the LMA 
and a cuffed endotracheal tube (ETT). The number of 
attempts to achieve correct placement and the time 
taken to adequately ventilate the lungs were recorded 
for both devices. End-tidal carbon dioxide was de- 
tected significantly sooner after commencement of 
the intubation attempt using the LMA (mean 38.6 s) 
compared with the ETT (mean 88.3 s, P < 0.0001). 
Ninety-four percent of the students successfully ven- 


novel device that has found widespread popu- 

larity in Europe and Australia for airway man- 
agement under general anesthesia (1-4). It has been 
successfully used in circumstances where conven- 
tional endotracheal intubation proved difficult or im- 
possible (5-8), including obstetric practice (9-11). The 
LMA is inserted blindly, without the use of a laryn- 
goscope, and is easy to correctly position atraumati- 
cally so as to support the airway. 

Tracheal intubation with a cuffed tube is the stan- 
dard for emergency airway management but requires 
skill and continuous experience. Although most eval- 
uations of the LMA have studied the performance of 
anesthesiologists with no prior experience with the 
device (2,8), only one trial has assessed the perfor- 
mance of inexperienced personnel in its placement 
(12). 

We studied a group of paramedical and medical 
students to determine if the LMA could be a useful 
adjunct to resuscitation in a North American setting 
where trauma is so prevalent. 


the laryngeal mask airway (LMA, Figure 1) is a 
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tilated the lungs on their first attempt with the LMA, 
whereas only 69% intubated the trachea on their first 
attempt with the ETT (P < 0.01). Five students were 
unable to intubate the trachea after three attempts 
with the ETT, but all positioned the LMA satisfacto- 
rily on their first try in a mean time of 40 s. We 
conclude that unskilled operators with minimal train- 
ing can safely and successfully ventilate unconscious 
patients more rapidly using the LMA than the ETT. 
These results suggest the LMA should be available in 
all areas where resuscitation is performed. 

(Anesth Analg 1992;74:531-4) 


Methods 


After Institutional Review Board approval of the 
protocol was received, informed written consent was 


- obtained from 40 ASA physical status I and II patients 


aged 18-65 yr. All were scheduled to undergo elective 
surgery in which the trachea was to be intubated. 
Patients were excluded if they posed a risk of regur- 
gitation of gastric contents during induction of anes- 
thesia (e.g., body weight >100 kg, pregnancy, or any 
emergency procedure where it could not be assumed 
that the stomach was empty). Patients likely to pose 
problems in airway establishment because of limited 
mouth opening or reduced mobility of the cervical 
spine were similarly excluded. 

Forty paramedical and senior medical students 
with minimal or no intubation experience were given 
brief instructions on the use of the endotracheal tube 
(ETT) and of the LMA. The guidelines for using the 
LMA were based on the instruction manual available 
from the manufacturer (D. J. Colgate Medical Lim- 
ited, Windsor, England). 

After premedication with ranitidine 150 mg and 
sodium citrate 30 mL orally and after breathing 100% 
oxygen for 3 min, anesthesia was induced with 
thiopental 5 mg/kg and fentanyl 2 ug/kg intrave- 
nously. Neuromuscular blockade was established us- 
ing vecuronium 0.1 mg/kg. The electrocardiogram, 
capnograph, and finger pulse oximetry were contin- 
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Figure 1. A size 4 LMA with its cuff partially inflated. 


uously monitored, and arterial blood pressure was 
measured noninvasively every minute. Ventilation 
via a bag and mask was performed manually during 
1% isoflurane anesthesia until muscle paralysis was 
demonstrated using a peripheral nerve stimulator. 

A size-3 or -4 LMA and a 7- or 8-mm cuffed ETT 
were selected based on the patient’s weight. The time 
taken to intubate the trachea and provide adequate 
ventilation was measured from the moment the stu- 
dent held either the LMA or a laryngoscope in his 
hand until expired carbon dioxide at a value 
>25 mm Hg was detected by the capnograph after 
manual compression of the reservoir bag. Each stu- 
dent intubated the trachea of one patient with both 
devices in random order as determined by a table of 
random numbers. Ventilation of the lungs was fur- 
ther confirmed by one of the investigators by chest 
auscultation. 

After satisfactory insertion, the first device was 
removed by the investigator and the patient’s lungs 
were once again ventilated by bag and mask for 1 min 
before an attempt with the other device was begun. 
Advice and help were given, if necessary, during 
intubation. 

If at any time arterial oxygen saturation decreased 
below 90%, or other cardiovascular variables de- 
parted more than 20% from baseline values, the 
procedure was abandoned and mask ventilation was 
resumed until, at the discretion of the investigator, a 
further attempt was made. In the case of an EIT or 
LMA insertion resulting in failure, the clock was 
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stopped and restarted when the device was again 
handed to the student after a further period of mask 
ventilation. A maximum of three attempts to intubate 
the trachea was permitted for each device. Any 
complications of the procedure were noted, and all 
patients were visited postoperatively for assessment. 


Results 


The patients’ ages ranged from 18 to 65 yr (mean 
37 yr) and their weights ranged from 47 to 99 kg 
(mean 69 kg). No student had prior experience with 
the LMA, and 16 had never previously used an ETT. 
The remainder had intubated the tracheas of 1-8 
patients (mean 1.5) in the past. Some paramedical 
students had practiced endotracheal intubation on a 
manikin. 

Five students were excluded from statistical anal- 
ysis because they failed to successfully intubate the 
trachea in three attempts using the ETT. Of the 35 
trainees remaining in the study, 33 (94%) correctly 
positioned the LMA on their first attempt; the other 
two (6%) were successful on their second attempt. 
Twenty-four (69%) successfully intubated with the 
ETT on their first attempt, 10 (29%) on their second, 
and one on the third attempt. 

The times for LMA insertion ranged from 21 to 90 s 
(mean 38.6 s, sp 14), whereas those for the ETT 
ranged from 30 to 210 s (mean 88.3 s, sp 49). Because 
the sampling delay using the ““SARAcap” capno- 
graph amounted to 7 s, that time is reflected in the 
times for both LMA and ETT insertions. Using a 
correlated t-test, it was determined that insertion of 
the LMA was significantly quicker than endotracheal 
intubation (t = 6.3886, P < 0.0001). 

Interestingly, the five students who were excluded 
all inserted the LMA successfully on their first at- 
tempt in 26-72 s (mean 40 s). All had failed to 
intubate after three attempts with the ETT, despite 
taking 210-420 s. 

We were impressed that those using the ETT 
needed far more advice and guidance than those 
using the LMA. We also noticed minimal changes in 
cardiovascular variables when the LMA was used 
compared with an ETT. However, we did not study 
this phenomenon, which has been described by other 
workers (13). 

No problems attributable to the LMA were noted. 
After endotracheal intubation, one patient became 
tachycardic and bronchospasm developed in one. A 
gas leak around the LMA cuff was occasionally noted 
at airway pressures above 15 cm H,O, although 
adequate ventilation was easily achieved. 
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Discussion 


The care given during the “golden hour” after trauma 
is the most crucial determinant of eventual outcome 
(14). Patient management during this critical period 
often lies in the hands of paramedical personnel. The 
primary goal in resuscitation is to establish a patent 
airway to allow adequate oxygenation, yet prevent 
pulmonary aspiration of blood and vomitus. To date, 
the cuffed ETT has fulfilled this role in the uncon- 
scious or apneic victim. Acquisition of the skill of 
tracheal intubation requires extensive training, and 
valuable time may be wasted in the field by repeated 
attempts to successfully place a tube in the trachea. 
During this period, ventilation of the lungs may not 
occur, and the ensuing hypoxemia can profoundly 
affect survival. 

The LMA is a rapid and effective means of venti- 
lating unconscious patients when used by anesthesi- 
ologists (2-4), but it has not been evaluated in the 
hands of paramedical personnel who may have diffi- 
culty establishing an adequate airway. In one British 
study of naval medical technicians, satisfactory ven- 
tilation was achieved with the LMA in about 40 s in 
94% of cases although each participant was evaluated 
on 10 or more insertions, and all had undergone prior 
training using videotapes, manikins, and a clinical 
demonstration (12). Interestingly, their performance 
using the LMA did not improve with experience, and 
remained above 90% for all attempts, whereas their 
scores using the ETT improved from no successful 
insertions on the first attempt to 80% on the tenth 
attempt. Our study differed in that we evaluated 
paramedical and medical students on only one intu- 
bation with each device, and none had more than 
1 min of instruction on their use. 

Our subjects also correctly positioned the LMA 
more rapidly than an ETT (38.6 vs 88.3 s) and were 
more likely to succeed on their first attempt (94% vs 
69%). The lungs of all patients in our study were 
ventilated using the LMA within 90 s, but the tra- 
cheas of five patients could not be intubated despite 
three attempts in a time period of 3.5-7.0 min. 

We excluded patients in whom airway difficulties 
might be encountered. However, others have shown 
the LMA to be a useful adjunct in these situations 
(7,9,10,15); further controlled studies in this area 
would be valuable. 

We did not seek confirmation of correct placement 
of these devices by fiberoptic bronchoscopy. This 
would be unrealistic in the field situation. Downfold- 
ing of the epiglottis has frequently been observed 
when a bronchoscope is passed through the LMA 
(16), yet ventilation is still possible in most cases. 
Here, the bronchoscopic view might be misleading 
and indicate an unsatisfactory LMA position. 
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One troubling aspect of the LMA is that it does not 
reliably protect the airway. Aspiration around the 
LMA cuff has been reported (17), although dye stud- 
ies have shown this to be a rare event (18). A 
nasogastric tube may be easily passed behind the 
LMA to empty the stomach in situations where there 
is a risk of aspiration (19). Nevertheless, until further 
investigations have been performed, the use of the 
LMA as a primary method of airway management in 
the trauma victim must remain questionable. ` 

Once the LMA is in place, it is possible to intro- 
duce a 6.0-:mm ETT through the LMA and intubate 
the trachea (19,20), or pass a bougie or fiberoptic 
bronchoscope and railroad an ETT over it to achieve 
the same results (21,22). These maneuvers may be 
performed if there is concern over airway protection 
in the trauma patient. 

Our study involved only healthy, paralyzed, 
nonobese adults with empty stomachs, so its appli- 
cability to the trauma situation can only be specula- 
tive. In this preliminary study, we believed it uneth- 
ical to investigate trauma victims until the safety of 
the LMA had been confirmed in a healthy popula- 
tion. The LMA should not replace the ETT as a 
first-line device for airway support in trauma unless, 
because of inexperience or anatomical abnormalities, 
tracheal intubation is impossible. The role of the LMA 
in the trauma patient needs to be defined. 

Use of the esophageal obturator airway by para- 
medics requires little training and may have pro- 
duced similar results to ours. However, it is more 
traumatic to insert, is associated with more complica- 
tions, and is not available in pediatric sizes (23). A 
comparison of the esophageal obturator airway with 
the LMA in trauma needs to be performed. 

In conclusion, we have shown the LMA to be a 
more effective means of airway management than the 
ETT when used by inexperienced personnel in 
healthy elective surgery patents. It is the authors’ 
belief that the LMA should be available as an alter- 
native to tracheal intubation in all areas where resus- 
citation and anesthesia are carried out, as it may 
reduce the tragic morbidity and mortality from hy- 
poxemia when there is difficulty in establishing an 
airway using conventional methods. Further studies 
are indicated to clarify its role in these situations 
whether used by medical or paramedical personnel. 
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A Comparative Study of Transdermal 10% Lidocaine Gel 
With and Without Glycyrrhetinic Acid Monohemiphthalate 
Disodium for Pain Reduction at Venous Cannulation 
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The clinical benefits of transdermal 10% lidocaine 
base gels with and without 3% glycyrrhetinic acid 


monohemiphthalate disodium (GAMHPh) for reduc- 


tion of pain at venous cannulation were compared in 
a randomized, double-blind fashion in 24 surgical 
patients. After about 60 min of occlusive transdermal 
application, the mean pinprick pain score (1.3 + 1.5) 
in the GAMHPh group (n = 12), graded by noting the 
number of painful pinpricks out of five, was signifi- 
cantly less than that (2.5 + 1.7) in the control group 
(n = 12) (P < 0.05). Twelve patients (eight in the 
GAMHPh group and four in the control group) who 


aking a skin wheal with a local anesthetic is 

in itself painful, even when it is done with a 

fine needle. Many investigators have 
searched for a local anesthetic method with needle- 
less, pain-free transdermal infiltration by using chem- 
ical (1-3) or physical approaches (4). A transdermally 
applicable eutectic mixture of local ariesthetics 
(EMLA) cream was developed in the 1980s in north- 
ern Europe (5) and is now in clinical use. However, 
the EMLA cream is not yet available in Japan. 

We decided to use an absorption promoter for local 
anesthetic transdermal infiltration. Among absorp- 
tion promoters examined in the preliminary animal 
study, glycyrrhetinic acid monohemiphthalate diso- 
dium (GAMHPh) was chosen for lidocaine base and 
its proper concentration was determined to be 3%. A 
2% lidocaine base gel mixture with 3% GAMHPh 
required 2-3 h of transdermal application for analge- 
sia to pinpricks (6). An increase of lidocaine base 
concentration from 2% to 10% shortened the applica- 
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had a pinprick score less than 1 underwent venous 
cannulation without intradermal injection of a local 
anesthetic. The pain score at venipuncture, graded by 
the patients on a scale of 5, was significantly less in 
the GAMHPh group than that in the control group 
(1.9 + 1.1 vs 3.3 + 1.0, P < 0.05). Erythema observed 
in 8 of the 24 patients was the only adverse local 
reaction. Addition of 3% GAMUHPh to the lidocaine 
gel is useful in promoting transdermal lidocaine ab- 
sorption. 

(Anesth Analg 1992;74:535-8) 


tion time to around 60 min, whereas the plasma 
concentration remained less than 0.01 ug/mL (7). 

In the present study, the clinical benefits of trans- 
dermal 10% lidocaine gel with and without 3% 
GAMHPh at venous cannulation were evaluated in a 
randomized, double-blind fashion. 


Methods 


With approval from the Institutional Ethics Commit- 
tee on Human Research, we studied 24 adult pa- 
tients, ASA physical status I or I, undergoing elec- 
tive surgery. Patients who had neurologic disorders 
or had been taking analgesics or sedatives were not 
included among the subjects. At preoperative rounds 
on the day before surgery, the pharmacologic effects 
of the transdermal lidocaine gel were explained to the 
patients and informed consent was obtained from all 
subjects. 

A controller prepared round sponges with a diam- 
eter of 25 mm and a thickness of 1 mm, in which 
approximately 0.3 g of 10% lidocaine gel was soaked 
with or without 3% GAMHPh. About 60 min before 
the anticipated time of venous cannulation, one of 
the types of patches was randomly applied on the 
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Table 1. Composition of 10% Lidocaine Gel Mixture With 
3% Glycyrrhetinic Monohemiphthalate Disodium’ 


Local anesthetic 


Lidocaine base 500 mg 
Solvents 

Propylene glycol 500 mg 

Ethanol 1500 mg 
Absorption promoter 

Glycyrrhetinic acid monohemiphthalate 150 mg 

disodium 
Thickener 

Hibis Wako 104 50 mg 
Neutralizer 

Diisopropanolamine 55 mg 


“Add sterilized pure water to make 5.0 g. 


ward by the anesthesiologist in charge, who was 
unaware of the contents of the gel. The sponge was 
placed over the cephalic vein on the arm and was 
covered with an adhesive plastic film (Tegaderm, 3M 
Corp.). Composition of the 3% GAMHPh-10% 
lidocaine gel is shown in Table 1. Glycyrrhetinic acid 
monohemiphthalate disodium is a derivative of gly- 
cyrrhetinic acid, which is known to have an antiin- 
flammatory effect (8) and is contained in a variety of 
toiletries. Atropine sulfate 0.5 mg and hydroxyzine 
hydrochloride 50 mg were intramuscularly given as 
premedication 30 min after application of the dermal 
patch. 

In the operating room, the dressing was removed 
and the skin was wiped dry of the gel. Adverse local 
reactions and subsequent analgesic effects were eval- 
uated by an experienced anesthesiologist who was 
not involved in administering the patches nor in- 
formed about the contents of the applied gel. Patients 
were asked about any local irritation, particularly 
burning pain, attributable to the gel or the dressing. 
The treated area was then inspected for pallor, 
erythema, edema, or any other local reaction. The 
analgesic effect was assessed by the following two 
procedures. The treated skin area was initially 
pricked five times with a disposable 26-gauge hypo- 
dermic needle to determine the presence or absence 
of pain. A pain score was obtained from each patient 
by noting the number of painful pinpricks out of the 
five. When a pinprick induced some pain though 
attenuated, it was counted as 0.5. For patients show- 
ing a pain score of 0, another prick test was per- 
formed to estimate the penetration depth of the gel. 
The 26-gauge needle was advanced approximately 
1 mm into the treated skin, and the patients were 
again asked whether or not it caused pain. In patients 
with a pain score of 0 or 1, a 20-gauge venous cannula 
was subsequently inserted into the vein within the 
treated area without an intradermal injection of local 
anesthetic. Pain associated with the cannulation pro- 
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cedure was graded by the patients on a scale of 5, 
where 0 = no pain, 1 = little pain, 2 = moderate pain, 
3 = strong pain, and 4 = extreme pain. 

Values were expressed as mean + sp. Statistical 
analysis was performed with a Wilcoxon t-test for 
scored values and a Student's t-test for the other 
values. A P value <0.05 was considered to be statis- 
tically significant. 


Results 


Twelve patients received the gel with 3% GAMHPh 
(GAMHPh group) and the same number received the 


‘gel without GAMHPh (control group). Each group 


consisted of 5 men and 7 women. The mean age and 
the mean weight in the GAMHPh group was 45.7 + 
16.2 yr and 54.4 + 10.0 kg, respectively. The corre- 
sponding figures in the control group were 43.6 + 
12.4 yr and 57.9 + 10.5 kg. The mean application 
periods were 59.3 + 5.6 min for the GAMHPh group 
and 60.3 + 4.9 min for the control group. The above 
constitutional factors and application periods were 
not significantly different between the two groups. 

Local erythema was the only adverse reaction and 
was observed in eight patients for 10-20 min after 
removal of the gel: three in the GAMHPh group and 
five in the control group. The mean pinprick pain 
score (1.3 + 1.5) in the GAMHPh group was signifi- 
cantly less than that (2.5 + 1.7) in the control group 
(P < 0.05). Five patients (four in the GAMHPh group 
and one in the control group) exhibited a pinprick 
score of 0. Three of the four patients in the GAMHPh 
group and the one patient in the control group did 
not complain of pain when the 26-gauge needle was 
further advanced into the skin to approximately 
1 mm. 

Among 12 patients with a pinprick score of 0 or 1, 
eight were in the GAMHPh group and four were in 
the control group. The pain scores at venous cannu- 
lation in the GAMHPh group were 2.0 + 1.1 for skin 
penetration and 1.9 + 1.1 for venipuncture. Corre- 
sponding figures in the control group were 1.8 + 1.0 
and 3.3 + 1.0. The pain score at venipuncture was 
significantly less in the GAMHPh group than that in 
the control group (P < 0.05). In the control group, the 
pain score at venipuncture was significantly more 
than that at skin penetration (P < 0.05). 


Discussion 


Venous cannulation is routinely preceded by intra- 
dermal infiltration of a local anesthetic at the site of 
insertion. However, the procedure of making the 
skin wheal itself is often painful. This is especially a 
problem for the anesthesiologist who must place a 
cannula in the vein of an infant or a child. 
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A cream containing a eutectic mixture of local 
anesthetics has come into wide use for the reduction 
of pain for venous cannulation. Advances in pharma- 
ceutical technology have made it possible to combine 
a high concentration of local anesthetic base with a 
high water content by using oil-in-water emulsions. 
Furthermore, the eutectic mixture of lidocaine and 
prilocaine was found to be liquid at room tempera- 
ture, making possible an increase in local anesthetic 
concentration in the emulsion droplets from 20% 
(lidocaine) to 80% (lidocaine-prilocaine) (5). Many 
reports have proved that EMLA cream is effective for 
the alleviation of venipuncture pain when applied to 
intact skin for 60 min under occlusion (9-11). How- 
ever, as ortotuloidine, one of the prilocaine metabo- 
lites, is a methemoglobin-inducing agent, there re- 
mains some apprehension of methemoglobinemia in 
infants younger than 3 mo and in infants taking other 
methemoglobin-inducing drugs (12,13). Local ad- 
verse reactions such as pallor, erythema, and edema 
are also reported (9-11). 

In the past, drugs with a property of promoting 
skin absorption were used in combination with a local 
anesthetic. For instance, dimethyl sulfoxide and di- 
methyl acetamide, added to local anesthetic formula- 
tions, apparently increased transdermal infiltration of 
the local anesthetic, but their adverse side effects 
were unacceptable (2). In our preliminary animal 
study, azone (a new potent absorption promoter) was 
also tried. In terms of the transdermal absorption of 
lipophylic lidocaine base gel, the addition of the 
lipophylic azone was less effective than that of hy- 
drophylic GAMHPh. 

It is generally accepted that the absorption of 
drugs through the skin involves passive diffusion. 
The main factor modulating transdermal absorption 
speed is thought to be penetration of the stratum 
corneum. Drugs called absorption promoters exhibit 
their action mainly by reducing the barrier effect of 
the stratum corneum. Just as glycyrrhetinic acid de- 
rivatives exert their promotive effect by acting on the 
keratin layer in the stratum corneum (14), GAMHPh 
is also expected to provide a similar effect. Both pain 
scores associated with pinpricks and venipuncture 
were significantly lower in the GAMHPh group than 
those in the control group. This proves that addition 
of GAMHPh to the lidocaine gel enhances transder- 
mal lidocaine absorption. 

As the previous study indicated that at least 60 min 
of occlusive application of the gel was necessary for 
analgesia to pinpricks (7), the gel was applied about 
60 min before the anticipated time of venous cannu- 
lation in the present study. Pretreatments of the skin 
to reduce the barrier effect of the stratum corneum, or 
replacement of lidocaine with a more potent local 
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anesthetic (15), are worth trying to shorten the onset 
time of the analgesic effect. 

When a local anesthetic is applied transdermally 
for local skin anesthesia, as in the present study, 
rapid intradermal and slow intravascular absorptions 
are favorable results. A rapid intravascular absorp- 
tion, on the other hand, may prevent the small 
amount of the intradermally absorbed local anesthetic 
from staying at the treated area. Furthermore, it 
may induce a critical blocd concentration level. As 
far as the treatment area on the skin being limited to 
one spot, a dermal patch of a small amount of 3% 
GAMHPh-10% lidocaine gel is sufficient. Without con- 
triving any special means to reduce intravascular ab- 
sorption, blood concentration hardly reaches a level to 
induce local anesthesia intoxication. Actually, when 
approximately 0.3 g of 3% GAMHPh-10% lidocaine gel 
was applied transdermally for spot analgesia in healthy 
adult volunteers, the blood concentrations of lidocaine, 
determined at 60 min, 120 min, and at 30 min after 
removal, were less than 0.01 ug/mL (7). 

In the present study, venous cannulation without 
intradermal injection of a local anesthetic was carried 
out in only 8 of 12 patients who received a 3% 
GAMHPh-10% lidocaine gel patch for 60 min. Fur- 
ther improvements are necessary to achieve condi- 
tions ideal for dermal patch anesthesia. Development 
of the transdermal infiltrative local anesthesia system - 
will relieve patients of considerable pain in many 
medical procedures. 


We thank Brother F. Patrick for reviewing the English manuscript. 
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Subhypnotic Doses of Propofol Possess Direct 


Antiemetic Properties 
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Department of Anaesthesiology, University of Geneva, Geneva, Switzerland 





Propofol is associated with a low incidence of post- 
operative nausea and vomiting. In a prospective, 
randomized, double-blind, placebo-controlled study, 
we investigated the possible direct antiemetic prop- 
erties of a subhypnotic dose of propofol. Fifty-two 
ASA physical status I or I patients, aged 15-60 yr 
with nausea and vomiting after minor gynecologic, 
orthopedic, or digestive tract surgery, were included 
in the study and received either propofol (10 mg = 
1 mL) or placebo (1 mL Intralipid) intravenously in 
the postanesthesia care unit. Patients treated with 
propofol experienced a larger reduction in nausea 
and vomiting than patients treated with placebo (81% 


Ne and vomiting are distressing symp- 
toms after anesthesia, resulting in significant 
morbidity and longer stays in the recovery 
room. General anesthesia conducted with propofol is 
associated with less nausea and vomiting during the 
early postoperative period than any other anesthetic 
technique (1-3). Some of these studies have sug- 
gested that propofol may have direct antiemetic prop- 
erties (3). We therefore undertook a prospective, 
randomized, double-blind, placebo-controlled study 
to investigate the possible antiemetic properties of 
propofol in the early postoperative period. 


Methods 


We studied 52 ASA physical status I or Il patients of 
both sexes between the ages of 15 and 60 yr, weigh- 
ing between 50 and 80 kg, with nausea and vomiting 
after minor elective gynecologic, digestive tract, or 
orthopedic surgery. Patients with a known allergy to 
propofol or a history of epilepsy were excluded from 
the study. All patients gave informed consent before 
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vs 35% success rate; P < 0.05). Patients successfully 
treated had a similar incidence of relapse (propofol 
28%; placebo 22%) within the first 30 min after 
therapy. Thirty-three Fa of the propofol-treated 
patients and 44% of the placebo-treated patients 
showed a minor increase in sedation. The level of 
postoperative pain did not change in either group. 
Hemodynamic values remained unchanged in both 
groups. Pain on injection (7.6%) or dizziness (3.6%) 
only occurred in the propofol group. We conclude 
that propofol has significant direct antiemetic prop- 
erties. 

(Anesth Analg 1992;74:539-41) 


inclusion in the study. Patients were enrolled into the 
study postoperatively if they exhibited vomiting of 
grade 4 or 5 severity as assessed by one of the 
investigators. Institutional and ethical committee ap- 
proval was obtained for the study. 

One hour preoperatively, midazolam 0.1 mg/kg 
IM, was given. Anesthesia was induced with thio- 
pental 4 mg/kg IV and maintained with fentanyl, 
enflurane, and vecuronium. No patient had received 
neostigmine to reverse neuromuscular blockade. 

Medication was blinded and randomized by our 
pharmacy, which delivered coded vials of either 
propofol or Intralipid. Recovery room patients com- 
plaining of nausea and/or vomiting were initially 
assessed by one of the investigators as to the severity 
of nausea and vomiting by means of a five-point 
rating scale (Table 1). Patients with a score of 4 or 5 
received 1 mL of the treatment drug (propofol = 
10 mg or placebo) intravenously. Sixty seconds later, 
patients were reevaluated with the rating scale. A 
score of 1 or 2 was considered a success; patients with 
a score greater than 2 were given a second milliliter of 
the treatment drug. Patients with a score greater than 
2 60 s after the second dose were documented as 
definitive treatment failures. An observation period 
of 30 min after treatment ensued, during which time 
relapses of nausea and vomiting together with their 
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Table 1. Nausea and Vomiting Rating Scale 


1 = No nausea and vomiting 

2 = Residual nausea without vomiting 

3 = Minor but persistent vomiting with nausea 
4 = Major nausea with vomiting 

5 = Severe nausea with vomiting 


Table 2. Sedation Rating Scale 


1 = Patient fully awake 

2 = Patient somnolent, response to call 

3 = Patient somnolent, no response to call, response to tactile 
stimulation 

4 = Patient asleep, response to painful stimulation 


Table 3. Characteristics of Patients 


Propofol Placebo 
group group 
n 26 26 
Age (yr) 4244 36 + 3 
Sex (M/F) 9/17 5/21 
Operating time (min) 98 + 10 89 + 13 
Surgery type (G/O/D) 15/2/9 17/1/7 


G, gynecologic; O, orthopedic; D, digestive surgery. 
Values for age and operating time are mean + SEM. 


rating scale were recorded. Relapse was defined as a 
score of more than 2. No drug treatment other than 
aspirin was given during the study period; the 0.5 g 
of aspirin was given intravenously for postoperative 
pain. Other variables documented in the course of 
the study were sedation (four-point rating scale, 
Table 2) and postoperative pain (10-point verbal rat- 
ing scale from 0 = no pain to 10 = worst pain 
possible) after each drug administration, the presence 
of pain on injection (verbal complaints), dizziness, 
mood change, and the presence of hallucinations. 

Statistical analysis was performed using non- 
parametric methods with the Mann-Whitney and 
Fisher’s exact tests. We compared demographic data 
for the groups using Student's t-test. A P < 0.05 was 
considered significant. 


Results 


Both groups were comparable with regard to demo- 
graphic data, type and dose of anesthetics (including 
fentanyl), and type and duration of surgical proce- 
dure (Table 3). In the propofol group, 73% had grade 
5 nausea and vomiting; in the placebo group, 81% 
showed grade 5 nausea and vomiting (NS). Twenty- 
one of 26 (81%) patients in the propofol group and 9 
of 26 (35%) patients in the placebo group were treated 
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Table 4. Treatment Results 
Propofol (%) Placebo (%) 
n 26 26 
Success after first injection 18/26 (69) 9/26 (35) 
Additional successes after 3/26 (12) — 
second injection 
Relapses within 30 min 6/21 (29) 2/9 (22) 


successfully (P < 0.05). Of these, six patients in the 
propofol group and two patients in the placebo group 
relapsed within the next 30 min. In the propofol 
group, three patients (3/26 = 12%) needed a second 
administration of the study drug to achieve a success- 
ful outcome. (None required a second administration 
in the placebo group; Table 4.) Thé sedation scale 
increased by one point in 33% of the patients success- 
fully treated with propofol and in 44% of patients 
successfully treated with placebo (NS). No change in 
sedation was noted for failures in both treatment 
groups. No patient showed a change in postoperative 
pain score. 

We observed pain on injection in 7.6% of propofol 
treatments, none in the placebo group (NS). Dizzi- 
ness occurred in one patient (3.6%) in the propofol 
group only (NS). No changes in mood and/or hallu- 
cinations were reported. Hemodynamic changes 
were similar in both groups and nonsignificant. 


Discussion 


This is the first study to have investigated the direct 
antiemetic properties of propofol. Previous studies 
on this topic (4-6) have noted that propofol anesthe- 
sia is accompanied by significantly less postoperative 
nausea and vomiting. Our study showed that propo- 
fol exhibits significant direct antiemetic properties 
compared with placebo. Recently, Oestman et al. (7) 
found that Intralipid (the soya-oil emulsion in which 
propofol is formulated) possesses no significant anti- 
emetic effects. Thus Intralipid is a valid placebo for 
propofol, particularly in the context of emesis inves- 
tigations. The placebo success rate in this study is 
also in accordance with the rate quoted in the litera- 
ture (8). Relapse rates within the first 30 min of 
treatment were similar between the groups; we have 
no explanation for this phenomenon. In the course of 
pilot investigations for the present study, we found 
that propofol has a very rapid onset of action in 
treating nausea and vomiting, with no or little further 
improvement in nausea or vomiting 60 s after appli- 
cation. We therefore considered this period to be an 
adequate interval before injecting a second dose. 
Interestingly, there was no significant difference in 
sedation change between groups for successfully 
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treated patients; there was no change for the failures. 
This strongly suggests that propofol was truly sub- 
hypnotic in the doses administered (10 mg) in this 
study. Vigilance is obviously strongly influenced by 
the act of vomiting, hence patients vomiting are more 
awake than those not vomiting. However, the design 
of our study cannot categorically exclude more sub- 
tle, subclinical differences in sedation between the 
groups. 

Propofol causes pain on injection (9), particularly 
for small catheters or veins (10). Pain on injection was 
slight and only occurred in the propofol group. The 
occurrence of pain did not unblind the investigator as 
it is not clear or proven that when comparing propo- 
fol and Intralipid, only the injection of propofol 
causes pain. Moreover, this side effect was only 
expressed after the end of the emetic episode. Dizzi- 
ness occurred only once in the propofol group (no 
significant difference between groups). 

Both groups were well-matched for factors (e.g., 
sex, duration and type of surgery, anesthetic tech- 
nique) known to affect the incidence and severity of 
postoperative nausea and vomiting. Both treatments 
were identical in appearance to minimize psycholog- 
ical effects, which are known to play an important 
role in the etiology of nausea and vomiting. Pain on 
injection, when present, was slight, and is therefore 
unlikely to have affected treatment outcome. Thus, it 
is likely that the differences observed were due to the 
treatment. It is of interest that 80% of the failures in 
the propofol group were related to a type of surgery 
associated with vagal stimulation (digestive sur- 
gery)—a relationship not present in the placebo 
group. 

In our pilot study, a dose of 10 mg of propofol 
proved effective without side effects. Our initial study 
was not designed to investigate the effects of varying 
dosages. Propofol 10 mg was effective for our patients 
who weighed between 50 and 80 kg. We cannot 
recommend dosages for patients outside this weight 
range; however, a larger dosage of propofol may be 
associated with undesirable effects. 

Perhaps hypnotic agents exert their antiemetic 
action primarily via sedation (11). In our study we 
observed no significant sedative effects owing to 
propofol. Additionally, the duration of antiemetic 
action in our study was much longer than the normal 
duration of hypnotic action (5-7 min [12]) achieved 
with the 15-fold higher doses of propofol used for 
anesthetic induction. This is also seen in the pro- 
longed decrease in nausea and vomiting after propo- 
fol anesthesia, still evident for a long time after any 
anesthetic or hypnotic effect of propofol has worn off. 
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Both these factors make hypnosis an unlikely expla- 
nation for propofol’s antiemetic properties. Propofol 
has a profile of central nervous system depression 
that differs significantly from other anesthetic drugs 
(13). In contrast to thiopental, for example, propofol 
uniformly depresses central nervous system struc- 
tures, including subcortical centers (13). Most drugs 
of known antiemetic efficacy exert their therapeutic 
effects via subcortical structures (14,15). We therefore 
suggest that propofol exerts its antiemetic action by 
the modulation of some subcortical pathways. Fur- 
ther studies are needed to elucidate the precise mech- 
anisms involved in the antiemetic properties of 
propofol as well as to optimize the dosage regimen. 

In conclusion, this.study demonstrated that propo- 
fol in subhypnotic doses possesses direct antiemetic 
properties in the context of minor elective surgery. At 
the dose administered (10 mg), side effects were rare 
and minor. 
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Thiopental Reduces Halothane MAC in Rats 
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Charlottesville, Virginia 


The anesthetic contribution of specific plasma con- 
centrations of thiopental has not been previously 
defined in laboratory animals. The plasma thiopental 
concentrations needed to reduce the anesthetic re- 
quirement for halothane by fractions of the minimum 
alveolar anesthetic concentration (MAC) were as- 
sessed in the rat. After steady-state thiopental plasma 
concentrations were established with a constant infu- 
sion, the tail-clamp technique was used to determine 
control MAC and the MAC of halothane with increas- 
ing concentrations of thiopental. We observed pro- 


intravenous anesthetics to clinical practice, thio- 

pental remains the most commonly used anes- 
thetic for the intravenous induction of anesthesia in 
the United States. Thiopental is also used in boluses 
or continuous infusions as an anesthetic adjunct in 
patients with head injury and/or increased intracra- 
nial pressure. It is also used as a possible brain 
protective agent in vascular neurosurgical cases such 
as carotid endarterectomy and cerebral aneurysm 
clipping, especially when the latter involves a period 
of potential focal ischemia owing to temporary clip- 
ping of the parent vessels. Although often supple- 
mented with low doses of narcotics, benzodiaz- 
epines, and/or lidocaine, thiopental may be used as 
the sole “anesthetic” for endotracheal intubation, a 
stimulus comparable to or greater than that of a 
surgical incision (1). The anesthetic contribution of 
these other supplementary anesthetics has been well 
identified (2-6). However, the effect of varying thio- 
pental concentrations on the reduction in anesthetic 
requirements as reflected by the minimum alveolar 
anesthetic concentration (MAC) of potent inhaled 
anesthetics such as halothane has not been exam- 
ined. This study was performed in rats to quantitate 
the reduction in the MAC of halothane produced by 


[: spite of the continued introduction of new 
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gressive reductions in halothane MAC. This required 
logarithmic increases in thiopental concentration 
rather than linear ones. A nonlinear reduction in 
anesthetic requirement was noted with an approxi- 
mate 50% reduction in MAC at a thiopental plasma 
concentration of 7.4 g/mL and an approximate 90% 
reduction at 32 ug/mL. Thiopental appears to provide 
essentially complete anesthesia in the rat model with 
a logarithmic contribution of increasing plasma con- 
centrations. 

(Anesth Analg 1992;74:542-6) 


progressively increasing blood levels of thiopental to 
determine the contribution of thiopental to the anes- 
thetic state. | 


Methods 


After approval by the Animal Use and Research 
Committee of the University of Virginia had been 
obtained, the MAC for halothane was determined in 
27 Sprague-Dawley rats weighing 250-300 g using a 
tail-clamp method originally described by Eger et al. 
(7). Each animal was placed in a clear plastic cone and 
anesthetized with 3.5% halothane and oxygen for 
3-5 min. The trachea was then intubated with a 
16-gauge polyethylene catheter, and halothane was 
reduced to 1.5% inspired. Ventilation was controlled 
using a Harvard animal respirator. The femoral artery 
and vein were cannulated with PE 50 tubing. Arterial 
pressure and electrocardiogram were monitored and 
recorded. Infusions were carried out by connecting 
an Orion infusion pump (Orion/Sage Instruments) to 
the femoral vein cannula. Colonic temperature was 
measured by use of a Yellow Springs thermistor. 
Normothermia was maintained by a heating blanket 
and heating lamps. 

A fine PE 10 (polyethylene) catheter was intro- 
duced through and beyond the endotracheal tube 
until obstruction to passage was encountered, the 
catheter then was withdrawn 1-2 mm. Gas samples 
for the measurement of alveolar halothane concentra- 
tions were obtained by withdrawing 10 mL of gas 
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- pg/ml 


Figure 1. Confirmation of steady-state levels of 
thiopental with time after varying infusion rates 
as indicated. The anesthetic requirement was 
determined during the period of time labeled 
“MAC Determination.” 


Plasma Concentration 


over 3-5 min through the PE 10 catheter into a glass 
syringe. Halothane concentrations were determined 
using gas-liquid chromatography (Varian model 3700 
with a flame ionization detector). A constant alveolar 
concentration of halothane was verified by duplicate 
analysis of alveolar gas. Control MAC was estab- 
lished using a long hemostat clamped to full ratchet 
lock on the tail for 1 min. The tail was always 
stimulated proximal to an earlier test site. Gross 
movement of the head, extremities, and/or body was 
taken as a positive test. Using a Fluotec 3 vaporizer, 
the halothane concentration was adjusted in decre- 
ments of 0.125% until the negative response became 
positive, allowing a 20-30-min equilibration after 
changes in concentration. Minimum alveolar anes- 
thetic concentration was considered to be the concen- 
tration halfway between the highest concentration 
that produced movement and the lowest concentra- 
tion that produced no movement. 

After a control for halothane MAC in each animal 
was determined, intravenous infusion of thiopental 
was carried out at infusion rates of 80, 120, 160, or 
200 wg:kg '-min | following a bolus dose of 1 mg. 
When the infusion had been continued for at least 
30 min to obtain a steady-state plasma level, 
halothane MAC was determined once again. In al- 
most all studies, each animal was used for the study 
of only one thiopental infusion rate. The thiopental 
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plasma concentration was determined in 1 mL of 
arterial blood drawn when gross movement occurred 
in the halothane MAC determination. 

A steady state in the thiopental plasma concentra- 
tion using this bolus and infusion method was veri- 
fied in six separate similar Sprague-Dawley rats re- 
ceiving 120, 160, or 200 wg-kg '-min ! as the infusion 
rate of thiopental (two rats at each infusion rate, 
Figure 1). The MAC for halothane was determined 
during the steady state of thiopental plasma concen- 
tration. Thiopental plasma concentrations at the time 
of halothane MAC measurement were performed 
using high-pressure liquid chromatography with hex- 
obarbital as the internal standard. Linearity for the 
high-pressure chromatography method was estab- 
lished for thiopental concentrations of up to 70 wg/mL 
using a C18 column and a mobile phase of 30% 
high-pressure chromatography-grade methanol and 
70% distilled-deionized water. The pH of the eluent 
was adjusted to 4.5 with hydrochloric acid. A repro- 
ducibility for the thiopental assay of greater than 95% 
was achieved. 

Means and standard errors of the means for each 
group were determined and statistical differences in 
values between groups were assessed using an anal- 
ysis of variance method. Regression analysis of the 
data was carried out by the method of least squares to 
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Figure 3. The relationship between plasma thiopental level and 
percent reduction of halothane MAC in the rat using log-linear 
plot. Bars represent standard errors of the mean. 


establish best linear fit for the data. Statistical signif- 
icance was considered to be present with P < 0.05. 


Results 


The control MAC for halothane observed in this 
group of rats (0.75% + 0.05%) is in agreement with 
previously reported results (8). A log-linear relation- 
ship between infusion rate and steady-state thiopen- 
tal concentration was observed with a correlation 
coefficient of 0.97 (Figure 2). The decrease in 
halothane MAC associated with increasing plasma 
thiopental concentrations is plotted in Figure 3. The 
line of best fit using regression analysis is achieved in 
a log-linear plot (y = 1.68e°*, correlation coefficient 
0.86). A 50% reduction in. MAC occurred with a 
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Table 1. Physiologic Variables 


Systolic/diastolic 
arterial blood pressure 


Thiopental (mean for group) Heart rate 

infusion rate n (mm Hg) (beats/min) 
Control 35 110/89 380 +5 
80 ug'kg min? 1 121/98 410 +9 
120 ug-kg'-min™* 11 125/99 398 + 7 
160 ug'kg`' min”! 7 109/85 421 +6 
200 gkg tmin”? 6 128/99 415 +5 


7.4-ug/mL plasma thiopental correlation, and a 70% 
and 90% reduction occurred with 15- and 32-ug/mL 
plasma concentrations, respectively. An extrapola- 
tion of the log-linear plot yields a calculated 1-MAC 
thiopental level of 46 ug/mL assuming a continued 
log-linear relationship with increasing thiopental con- 
centrations. A somewhat higher MAC level would be 
present if the plot became sigmoid. 

No significant change in arterial pressure or heart 
rate occurred with the infusion rates described. 
(Table 1). 


Discussion 


Increases in thiopental plasma concentrations do not 
produce a simple additive effect in reducing 
halothane MAC. In fact, the contribution produced 
by equivalent increases in thiopental plasma concen- 
trations results in a smaller contribution to total 
anesthetic requirement at higher thiopental plasma 
concentrations. Plotting the data using log thiopental 
concentrations against halothane MAC reduction re- 
sults in a linear relationship over the wide range 
investigated. This would suggest that thiopental and 
halothane may act at different central nervous system 
receptors or that the action of thiopental as its central 
nervous system receptor is limited by receptor satu- 
ration. 

After a 3-mg/kg bolus of thiopental was adminis- 
tered in humans, serum levels have been reported to 
be approximately 24 ug/mL when drawn after 1 min 
(9). Peak serum levels for this or larger (4-6 mg/kg) 
doses of thiopental will be somewhat higher, but it is 
clear that the thiopental levels we examined in rats 
are clinically relevant. Even when used as the sole 
drug for the induction of anesthesia, a thiopental 
bolus of 4-6 mg/kg produces an anesthetic level that 
is at least 0.9 MAC. Supplementation with small 
doses of adjunctive intravenous anesthetics can add 
another 0.05-0.4 MAC fraction depending on dose 
and drug. Our animal data support the premise that 
clinicians are providing a reasonable level of anesthe- 
sia before applying the noxious stimulus of laryngos- 
copy and tracheal intubation. 


ANESTH ANALG 
1992;74:542-6 


Whereas the plasma concentrations of thiopental 
required for the quantitation of MAC reduction in 
laboratory animals have not been previously re- 
ported, the levels required for the inhibition of the 
response to a variety of stimuli have been studied in 
humans. Fraioli and coworkers (10) studied move- 
ment in response to a surgical incision in patients and 
reported a 1.0 MAC equivalent of thiopental of 
38.5 g/mL, a figure notably similar to our observed 
value in rats. These workers observed that 50% of 
patients responded at this concentration and misi- 
dentified this point as the 0.5 MAC rather than the 
1.0 MAC value. In further observations, no patients 
moved at a level of 51 g/mL. No characterization of 
the dose-response line was established, in contrast to 
our study. Becker (11) studied the levels of thiopental 
necessary for the abolition of corneal reflex and 
trapezius muscle responses in 50% of subjects (which 
he found to be closely correlated with movement in 
response to incision) and reported these levels to be 
39-42 yg/mL. More recently, Hung and coworkers 
studied the thiopental concentration required to in- 
hibit a variety of stimuli in humans (O. H. Hung, 
personal communication). Notably, one-half of the 
subjects did not move in response to muscle squeeze 
at a concentration of 39.8 + 3.33 ug/mL, a level very 
similar to that reported by Becker and Fraioli et al.’s 
groups in response to their respective stimuli. 

The MAC values for these human studies compare 
reasonably well with the extrapolated MAC value of 
46 g/mL observed in our laboratory in rats. Becker 
and Tonnesen (12) reported that in healthy patients, 
thiopental levels of 37.6 mg/mL did not produce 
severe cardiovascular effects, i.e., a fall in systolic 
blood pressure from 136 + 7 to 117 + 4 mm Hg was 
noted. Hunter (13) reported an anesthetic technique 
for intracranial neurosurgery consisting of nitrous 
oxide supplemented by an infusion of thiopental at 
an average rate of 5 mg/min (range 0.5-15) and found 
plasma thiopental levels (not necessarily at a steady 
state) to be 5-7.5 ug/mL. Although the nitrous oxide 
concentration used was not reported, it is clear from 
our data and other observations in humans that these 
patients were likely maintained at approximately 
1.0 MAC anesthesia (assuming an inspired concen- 
tration of N.O of 60% contributed about 0.6 MAC and 
thiopental contributed another 0.4-0.5 MAC). As 
thiopental levels affording 0.5-0.9 MAC have been 
observed to maintain acceptable cardiovascular sta- 
bility in healthy normovolemic patients, néurosurgi- 
cal patients receiving an infusion of thiopental (1- 
10 mg/min) for intracranial pressure control or “brain 
_ protection,” in addition to a lidocaine infusion (1- 
2 mg/min to produce blood levels of 1-5 yug/mL) 
and/or a low to moderate dose of fentanyl (5-8-yug/kg 
bolus followed by 1-2 ug:-kg~'-h~*), should manifest 
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excellent neurosurgical conditions, adequate.anesthe- 
sia, and cardiovascular stability (1,2,12-14). The pro- 
longed postoperative somnolence observed after 
larger doses of thiopental might be ameliorated by 
using a different drug for induction (e.g., propofol or 
etomidate) and substituting an acceptable volatile 
anesthetic (e.g., isoflurane) for thiopental after resec- 
tion of a tumor or resolution of potential ischemia- 
provoking maneuvers (e.g., carotid cross-clamping, 
temporary clips in aneurysm surgery). Admittedly, 
the use’ of isoflurane or thiopental to “protect the 
brain” remains a focus of major controversy (15). 

Recent electroercephalographic (EEG) studies 
have examined changes in the electroencephalogram 
as a pharmacodynamic marker and a possible gauge 
of anesthetic depth. Ebling et al. (16) recently used 
aperiodic signal analysis of the electroencephalogram 
to estimate thiopental-induced central nervous sys- 
tem depression in rats. Although the EKG effects of 
specific plasma levels of thiopental were defined, 
including the level required for complete suppression 
of the EEG signal, the anesthetic effects of these levels 
were not specifically examined. Therefore, conclu- 
sions regarding thiopental concentration and anes- 
thetic potency in rats cannot be made from this study. 

The spectral edge frequency has been defined as 
that frequency below which a percentage (usually 
95%) of the total power (amplitude*) is located (17). 
The drug concentration in serum that produces half 
of the maximal spectral edge frequency shift is re- 
ferred to as the IC, (50% inhibitory concentration). 
In another publication, we noted that the serum 
levels of alfentanil, fentanyl, and sufentanil at ICs) in 
humans and those producing 50% MAC reduction in 
animals are remarkably similar and therefore sug- 
gested that the IC; EEG level might represent a 
specific level of anesthetic depth (18). The ICs, for 
thiopental in humans has been reported to be 15.9 + 
5.1 g/mL (19). This is about twice the value for the 
0.5 MAC serum level for thiopental that we report in 
the rat, which would indicate that the plasma levels 
at each of these two endpoints are not markedly 
different. The three opioids have been shown to shift 
EEG power in a manner that is qualitatively and 
quantitatively different from thiopental. In general, 
alfentanil, fentanyl, and sufentanil markedly increase 
EEG power at delta frequencies whereas thiopental 
increases EEG power in the alpha and beta frequen- 
cies (20). At similar anesthetic depths, this could 
result in thiopental having relatively less effect on an 
indicator of the overall electroencephalogram such as 
the spectral edge frequency. 

Knowledge of the anesthetic potency of thiopental 
in a laboratory animal and humans is essential when 
clinically relevant levels of thiopental are to be stud- 
ied. The effect of thiopental on cerebral blood flow is 
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of major importance in anesthesia for neurological 
surgery. Hatano et al. (21) recently reported on the 
effect of thiopental and other barbiturates on the 
contractile response of canine blood vessels. This 
work demonstrated that thiopental-induced cerebral 
vasoconstriction may be due to direct vasoconstric- 
tion rather than solely be a secondary effect of cere- 
bral metabolic depression. They examined concentra- 
tions of 107° to 107” M, which when compared to our 
0.5 MAC reduction level of 2.7 x 1075 M (7 x 107° g/L 
+ 2.64 x 10? g/mol = 7 ug/mL) would imply that the 
lower doses studied are clinically relevant whereas 
the higher doses (107? M corresponding to a plasma 
level of 264 ug/mL) may not be. Statistically signifi- 
cant contractions in cerebral vessels occurred over the 
range of 5 X 107° M to 107° M but not at 1 x 107° M. 

In summary, we report the anesthetic contribution 
of clinically used concentrations of thiopental in rats. 
The clinical and laboratory importance of these ob- 
servations is the finding that the response to thiopen- 
tal blood concentration is logarithmic'in a range 
between 35% and 90% MAC reduction. Extrapola- 
tions of the data to the clinical arena are supported by 
the similarity of previously published human data 
studying a variety of responses at defined plasma 
concentrations of thiopental. Finally, the establish- 
ment of the anesthetic contribution of specific thio- 
pental concentrations in the rat should aid laboratory 
investigations that seek to use relevant concentra- 
tions of the drug. 


We thank Dr. Thomas J. Gal for his editorial assistance and Kim 
Jenner for typing the manuscript. 
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A PART 
IS BETTER 


A HOLE 


The Sprotte Needle for 
Spinal Anesthesia 


When accessing the dura, 

a part is better than a hole. 
That’s why the Sprotte Needle’s 
unique atraumatic tip is 
designed to part dural fibers instead The Sprotte 
of cut them. Needle features 


a smooth, round 





Chance of CSF leakage after needle “sete 
withdrawal is minimized. Studies have the needle shaft 





shown that the incidence of postdural 
puncture headache is significantly 

less than with Quincke and other pencil- 
point needles* 


A wide lateral eye and thin needle shaft 
wall allow rapid CSF flow and easy anes- 
thetic injection. To ensure smooth needle 
placement, each needle comes with an 
integrated introducer. 


The 24 gauge Sprotte for single shot spinal 
anesthesia. In 31⁄2, 4% and 6 inch lengths. 
The 22 gauge Sprotte for continuous 
spinal anesthesia for use with the 28 
gauge CoSPAN™ Catheter. 


The Sprotte Needle. It stands apart. 


SPROTTE 





KENDALL 


HEALTHCARE PRODUCTS COMPANY 


15 Hampshire Street e Mansfield, MA 02048 « 1-800-962-9888 


Take Part 


Please send me more Sprotte Needle information. 





Name 


Title 








Institution 





Street ee eee 


Telephone: Ext 


Return to Kendall Healthcare Products Company, Attn: Amy Wendell, 
15 Hampshire Street, Mansfield, MA 02048. 
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| * Data on file at Kendall Healthcare Products Company 
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CoSPAN is a trademark of The Kendal! Company 


©1992 The Kendall Company. All rights reserved. H-3867 
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LARGER VIAL FOR ADDED CONVENIENCE 


o Reduces the need for O Supplied in boxes of 10; 
multiple vials NDC #0052-0442-46 


Norcuron 


(vecuronium bromide) for injection 


CONTINUED AVAILABILITY IN 10 mL VIAL, WITH OR WITHOUT 
DILUENT, AND 10 mL VIAL-SYRINGE 


ORGANON INC. 
Organon WEST ORANGE 
ORG-13354 © 1992 ORGANON INC PRINTED IN USA FEBRUARY 1992 NEW JERSEY 07052 
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label here for better service. Print 
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below. 





The SafeTrak™ 
Epidural Catheter 
Adapter puts a 
whole new twist on 
epidural catheter 
management. Kendall’s unique design addresses your 
postoperative epidural pain management concerns. 


- 


ELSEVIER E A Problem or Query? We can 
SCIENCE PUBLISHING serve you best if you include your 

ee mailing label with any correspon- 
dence. 





Name 


m Insures safe, reliable catheter access 
over longer durations without accidental 
disconnection worry. 


m Clearly marked EPIDURAL, the SafeTrak 
Adapter is bright yellow to reduce drug 
injection errors. 


Address 


City/State 
Country/Zip Postal Code 


m Guesswork is eliminated when securing the 
adapter. When the word SAFETRAK lines up, 
your connection is complete. 


The SafeTrak Epidural Catheter Adapter. It puts a 
whole new twist on safety and reliability. 


Specialty 


|_| I am a member of the International Anesthesia Research 
Society. 


New Subscriptions 

| ] Please enter my 1992 subscription to Anesthesia & Analgesia, 
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Subscribers in the US, Canada, and Mexico may request air delivery for an additional 
$80.00. Subscribers outside the U.S. must add one of the following postage options: 
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$160.00 (air/rest of world). 


Enclosed is my: |_] Personal check [] bank draft 
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15 Hampshire Street * Mansfield, MA 02048 ¢ 1-800-962-9888 
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ith the administration of continuous IV 

anesthesia becoming more prevalent 

in today's O.R., it's good to know that 
an accurate; reliable and cost effective means 
of IV- drug delivery is available to keep pace 
with this trend. 


Medfusion's model 2010 syringe infusion pump 
is your body weight calculator. It allows you to 
deliver a specified dose in either mcg/kg/min, 
meg/kg/hr, mg/kg/min or mg/kg/hr by simply 
entering in the appropriate concentration, patient 
weight, bolus amount and mass units. 





Other features like automatic syringe size sens- 
ing, the ability to accept all syringes (1ml thru 
60 ml) and the capability to administer a bolus 
or change the infusion rate without stopping 
the pump, make the 2010 just what the doctor 
ordered. 


3450 River Green Court, Duluth, Georgia 30136 
(404) 623-9809 (800)358-6019 


The Osler Institute 


Anesthesiology Board Review Courses 


honoring Alon Winnie 
July 4-9, 1992 — Chicago 


August 4-9, 1992 — 


Chicago 


‘September 14-19 — Boston 


Now, special programs for written and oral boards 


OBJECTIVES 


è Improve basic and clinical knowledge of anesthesiology 


® Assist residents and fellows to better organize for further study 


® Prepare candidates to take their written and oral exams 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities, but from people who are relatively unknown as well, ”* 


PHYSIOLOGY 
Respiratory Physiology 
Cardiovascular Physiology 
Neurophysiology 
Hepatic & Renal Physiology 
Acid-Base and Blood Gas 


PHARMACOLOGY 
Pharmacokinetics ` 
Inhalation Anesthetics 
Intravenous Anesthetics 
Local Anesthetics 
Muscle Relaxants 
Central Nervous Drugs 
Cardiac & Diuretic Drugs 
Interactions & Genetics 


PHYSICAL SCIENCES 
Applied Anatomy 
Physics and Gas Laws 
Anesthesia Machines 
Breathing Systems 


FUNDAMENTALS 
Preop. Evaluation & Prep. 
Patient Monitoring 
Airway Management 
Fluid and Blood Therapy 
Cardiopulmonary Disease 
Hepatic & Renal Disease’ 
Metabolic Disease 
Recovery Room 


REGIONAL ANESTHESIA 


Autonomic Blocks 
Spinal and Epidural Blocks 
Upper Extremity Blocks 
Lower Extremity Blocks 

‘ Chronic Pain Management 


Name 
Address 
City/State 


Zip Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


Mail today to: 


1094 East Dawn Drive, Dept. 204A 


SPECIALTY AREAS 
Obstetric Anesthesia 
Pediatric Anesthesia 
Cardiac Anesthesia 
Thoracic Anesthesia 
Neuroanesthesia 
Ophthalmic & E.N.T. 
Geriatric and Outpatients 


Solomon Aronson, M.D. 
Ass’t. Prof. of Anesthesiology 
University of Chicago 
Jonathan Benumof, M.D. 
Professor of Anesthesiology 
Univ. of California, San Diego 
Eugene Cheng, M.D. 

Ass’t. Prof. of Anes. and Med. 
Medical College of Wisconsin 
Edward Czinn, M.D. 

Clin. Ass’t. Professor of Anes. 
University of Ilinois, Chicago 
Hernando DeSoto, M.D. 
Chief of Anesthesiology 


Riverside Hospital, Jacksonville 


John Ellis, M.D. 

Ass’t. Prof. of Anesthesiology 
University of Chicago 
Elizabeth Frost, M.D. 
Professor of Anesthesiology 


Albert Einstein College of Med. 


Richard Hanberry, M.D. 
Anesthesiologist 
Lawrenceville, Georgia 
Anthony Ivankovitch, M.D. 


METHODS 


® HOME STUDY questions, answers, assignments and keywords - 


© SEMINAR with projection slides and Jecture-note syllabus 


® PRACTICE EXAMS for written and oral board exams 


Niels Jensen, M.D. 


Associate Staff Anesthesiologist 


University of Iowa 

Charles Levine, M.D. 

Staff Anesthesiologist 
Anesthesia Assoc., New York 
Eugene Lipov, M.D. 

Ass’t. Prof. of Anesthesiology 
Rush Medical College 

David Lubarsky, M.D. 
Ass’t. Prof. of Anesthesiology 
Duke University 

William Martin, M.D. 
Ass’t. Prof. of Anesthesiology 


Medical Univ. of South Carolina 


Michael Ritter, M.D. 
Staff Anesthesiologist 


St. John’s Mercy Hosp., St. Louis 


David Rothenberg, M.D. 
Ass’t. Prof. of Anesthesiology 
Rush Medical College 
Ramez Salem, M.D. 

Clin. Prof. of Anesthesiology 
University of Illinois, Chicago 
Astride Selfen, M.D. 
Professor of Anesthesiology 
University of Arkansas 
Daniel Siker, M.D. 

Ass’t. Prof. of Anes. and Ped. 
Medical College of Wisconsin 
Theodore Smith, M.D. 
Professor of Anesthesiology 
Loyola University of Chicago 


Alon Winnie, M.D. 


Prof. & Chmn. of Anesthesiology Professor of Anesthesiology 


Rush Medical College 


University of Illinois, Chicago 


Limited Enrollment: ANESTHESIOLOGY REVIEW COURSE REGISTRATION 


LJ] July 4-9, 1992 — Chicago 
C] August 4-9, 1992 — Chicago 
C] September 14-19, 1992 — Boston 


C] Check enclosed for $ 
[C] Please send FREE SAMPLE 


Written Board Review 


Lectures and written exam seminars 
ə Home-study keywords with discussions 
and questions with answers. 
ə Six-day lectures with syllabus. 
e Seminars for written exam questions. 
ə July 4-9; September 14-19. 


Oral Board Review 


Mock oral exams and lectures 

e Home-study, oral-exam stem cases with 
pre-op, intra-op and post-op questions. 

è Six-day lectures with syllabus and con- 
current mock oral exams most hours. 

e Registration includes one mock oral. 

e Extra public mock oral exam ($80), pri- 
vate mock oral exam ($110). 

ə July 4-9; August 4-9; September 14-19. 


Oral Board Tutorial Days 
Choose any days ~ groups limited to 24 
o Home-study, oral-exam stem cases with 

re-op, intra-op and post-op questions. 
ock oral exams in groups limited to 24. 
e Includes one public mock oral per day. 
e Extra public mock oral exams ($80), pri- 
vate mock oral exams ($110 
è July 4-9; August 4-9; September 14-22. 


Two-Part Board Review 


Nine mock orals in any two courses __ 
° Fah course in 1992, plus any other within 
cars. One course may be up to six 
oul oard Tutorial days of your choice. 
o Choose between lectures and concurrent 
mock orals or written exam discussions. 
e Nine (9) mock oral exams in groups 
limited to 24 participants. 


Unconditional Guarantee 

e If you fail the next Anesthesiology Board 
Exam you take after taking one of these 
courses, we will refund half of your last 
course registration fee and allow you to 
repeat the course once for FREE. 

e This is NOT conditional upon you taking 
more than one course, or extra mock orals. 

o Last year, after we first made this guaran- 
tee, less than 2% requested a refund. 


Information 


The Oster Institute 
1094 East Dawn Drive, P.O. Box 2218 
Terre Haute, IN, 47802 


(800) 356-7537 


Plus mock omak only September 20-22. 
* Comments by past Osler participants 


nduced Hypotension 


edited by W.R. MacRae and J.A.W. Wildsmith 
MONOGRAPHS IN ANAESTHESIOLOGY Vol.20 


1991 352 Pages 
Price: US $ 161.50 / Dfl. 315.00 
ISBN 0-444-81292-X 


Induced Hypotension techniques have gained as many enthusiasts in the 
anaesthesia field as it has antagonists. The authors propose that the techniques 
involved have much to offer patients and surgeons alike and could enjoy 
greater use. The book represents a review of the physiological basis, the phar- 
macological options and clinical applications of the various methods. Many 
anaesthesiologists reduce blood pressure as an adjunct to normal techniques 
and see this as an advantage. This book carries on from here, advising how 
with careful control and detailed knowledge of what they are doing, surgical 
access can be further improved. Apart from sections giving an oversight on 
basic principles, a series of experienced anaesthesiologists working in the field 
have been asked to render their advice on problems encountered and to outline 
methods they have developed as being best for them. 


Contents: I. List of Contributors II. Foreward IH. 1. The history and devel- 
opment of induced hypotension 2. The cardiovascular system 3. 
Pharmacology of vasodilator drugs 4. Cardiorespiratory effects of sympa- 
thetic blockade 5. Gas exchange and induced hypotension 6. Principles of 
management 7. Neurosurgery 8. Ophthalmic surgery 9.Oto-rhino-laryngol- 


VRID so nc USA « conde eee ogy 10. Orthopaedic surgery 
oo een yi $ PO. Bon aoea DE ishing Co., Inc. Elsevier Sic Publisher 11 P | 12 V ] 
DEIRAS is Se su aseran Oe . Pelvic surgery 12. Vascular 
z Fax [ioe Vert) 12630 Fen: STAAN 249 surgery ‘eA The management of 
Tel: (New York} 212-989 S890 Tel.: 31-20-5803 911 


Felex: 420643 Telex: 18582 espa ni 





A phaeochromocytoma IV. Subject 
ELSEVIER SCIENCE PUBLISHERS Index 


The Dutch guilder price is definitive. US$ ples are subject to exchange rate fluctuations. Prices are excl. B.T.W. for Dutch customers 





Awake and alert—effective re versal 


of sedation 


New MAZICON (flumazenil/Roche) rapidly and specifically reverses 
sedation produced by any benzodiazepine | 


Promptly restores patients to consciousness—often within 
minutes of reaching an effective dose 


Reverses benzodiazepine sedative effects only—not the 
effects of narcotics or other CNS agents 


Adverse effects 

The most common side effects in clinical trials were nausea 
and vomiting (11%), dizziness (10%), agitation (3-9%) and 
injection-site pain (3-9%) 


Specific 
Reversal of 
Benzodiazepine 
Sedation 


Seizures 


MAZICON is associated with seizures, 

most often in patients on benzodiazepines for long-term 
sedation or who are showing signs of serious cyclic 
antidepressant overdose. Practitioners should individual- 
ize the dosage and be prepared to manage seizures. 


Worldwide experience 


Proven clinical experience in more than 50 countries 


<> 


Please see following pages for complete product information. 
Copyright © 1992 by Hoffmann-La Roche Inc. All rights reserved. 





1-800-756-7654 


Call today for more information. 





Prompt Reversal of 
Benzodiazepine Sedation 


Dosing and Administration 


For reversal of benzodiazepine-induced general anesthesia 
or conscious sedation: 


Initial dose: 0.2 mg (2 mL) |. V. over 15 seconds 


w=» [f desired level of consciousness is not 
obtained after waiting an additional 45 seconds: 


Follow-up doses: 0.2 mg (2 mL) I.V. every 60 seconds 


"=> Up to a maximum dose of 1.0 mg (10 mL) 
Management of resedation: 


Repeat treatment above 


Repeat treatment may be given no more often than every 20 minutes 
"=> No more than 1 mg total dose should be given in any 5-minute interval 


«=» No more than 3 mg total dose should be given in any one hour 


Important safety information 


“= Contraindicated in hypersensitivity to benzodiazepines or MAZICON,; in 
patients taking benzodiazepines for control of potentially life-threatening 
conditions; and in patients showing signs of serious cyclic antidepres- 
sant overdose 


w=» Patients should be monitored for resedation, respiratory depression or 
other residual effects of benzodiazepines 


"> MAZICON does not diminish the need for prompt detection of hypoventila- 
tion and the ability to intervene effectively by establishing an airway and 
assisting ventilation 


w=» MAZICON should not be the initial treatment for benzodiazepine-induced 
hypoventilation; the first step is assisted ventilation 


“= [n patients who are dependent on benzodiazepines, MAZICON may 
precipitate withdrawal syndromes 







0.1 mg/mL 
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Roche Laboratories The reversal agent you've been waiting for 
P a division of Hoffmann-La Roche Inc. See important safety information about resedation. 
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From Burroughs Wellcome Co. 
A Long-Acting Neuromuscular Blocker 





(doxacurium chloride) 1 mg/mL 


» brief summary of full prescribing information 


A Long-Acting Neuromuscular Blocker 


NUROMAX | INJECTION 


(doxacurium chloride) 


Excellent CV Stability 


Cardiovascular stability comparable with vecuronium 


ne. in MAP 
(mm/Hg) 





Change in HR 
(beats/min) 








| o] i T | | T T | | 
0 2 4 6 8 10 
Time after injection (min) 


Emmott et al' compared the hemodynamic effects of Nuromax 0.037 and 0.075 mg/kg with the effects of pancuronium 0.09 mg/kg and 
vecuronium 0.075 mg/kg in 36 CABG patients (9 patients, each group). 

Mean changes from baseline values of mean systemic arterial pressure (MAP) and heart rate (HR) at 1, 5 and 10 min after administration. 
All routine cardiac and vasoactive medications were continued up to the morning of surgery. 


= =a OXacurium 0.037 mg/kg mmm Dancuronium 0.09 mg/kg 


ams (OXacurium 0.075 mg/kg es YECuronium 0.075 mg/kg 





Longer acting than “high-dose” vecuronium 


Clinically effective block (time to 25% recovery) 


ED,. (0.025 mg/kg) 
~ 60 minutes 
(range 9-145) 


2xED,. (0.05 mg/kg) 
~ 100 minutes 
+I oem a eae aN 
NUROMAX (range 39-232) 
3xED,. (0.08 mg/kg )* 
eine was o 
(range 110-338) 
3xED,. (0.2 mg/kg) 
es 
(range 50-106) 
5xED,. (0.3 mg/kg) 
vecuronium” a 
(range 62- 208) 
7xED,,. (0.4 mg/kg) 


(range 35-191) 


*This dose should be reserved for instances in which a need for very prolonged neuromuscular block is anticipated. 
tNumbers shown are not directly comparable since these data have been compiled from different study populations. 


= Cardiovascular stability comparable with normal saline ° 

= Noncumulative 

= Ready-to-use solution 

= Vials stored at room temperature, no refrigeration required 


= Supplied as a 5 mL vial, 1 mg/mL 


NUROMAX necro 


(doxacurium chloride) 1 mg/mL 


Excellent for Long CV Procedures 





Please see brief summary of full prescribing information. 


NUROMAX? INJECTION 


(DOXACURIUM CHLORIDE) 


Brief Summary 
This drug SA R ET E cae trained Individuals familar with Its 
actions, characteristics, and 
individual zation of Dosages: sighs ere ere rn ee ee 
potential for a prolongation of block may be reduced by decreasing tha initial Nuromax dose and by 
fitrating the dose to achieve fhe desired depth of block. in obese patients (patents weighing > 30% 
more than ideal body weight for height), tha Nuromax dose should be determined using the patient's 
Ideal body weight (IBEW), according to the folowing formulae: 
Men: IBW n kg = [106 + (6 x inches in height above 5 feet)y2.2 
Véomen: IBW in kg = [100 + (5 x Inches in haight above 5 feet)¥2.2 
Dosage requirements for patients with severe liver disease are variable; some patients may require a 
higher than normal inital Nuromax dose to achieve clinically affective block. Once adequate block Is 
established, the clinical duration of block may be prolonged in such patients relative to patients with 
normal kver functon. 
As with pancuronium, metocurine, and vecuronium, resistance to Nuromax, manitested by a reduced 
Intensity endfor shortened duration of block, must be considered when Nuromax Is selected for use in 
patents recetving phenytoin or carbamazepine (see Drug interactions subsection of PRECAUTIONS). 
As with other neuromuscular blocking agents, a reduction In dosage of Nuromax must 
be considered in cachectic or debilitated patients, In patients with newomuscular diseases, severe 
electrolyte abnormalities, or carcinomatosis, and In other patients in whom potentlation of 
neuromuscular block or difficulty with reversal ls anticipated. Increased doses of Nuromax may be 
required in burn patients (see PRECAUTIONS). 
INDICATIONS AND USAGE: Nuromax is a long-acting neuromuscular blocking agent, indicated as an 
adfunct to general anesthesia, to provide skeleta! muscie relaxation during surgery. Nuromax can also 
be used to provide skeletal muscle relaxation for endotracheal intubation. 
CONTRAINDICA TIONS: Nuromax is contraindicated In patients known to have hypersensitivity to It. 
WARNINGS: NUROMAX SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY 
OR UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE 
DRUG’S ACTIONS AND THE POSSIBLE COMPLICATIONS OF ITS USE. THE DAUG SHOULD NOT 
BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN 
THERAPY, AND AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT 
CLINICIANS ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH AS 
NUROMAX EMPLOY A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG RESPONSE, 
NEED FCR ADDITIONAL RELAXANTS, AND ADEQUACY OF SPONTANEOUS RECOVERY OR 
ANTAGONISM. NUROMAX HAS NO KNOWN EFFECT ON CONSCIOUSNESS, PAIN THRESHOLD, 
OR CEREBRATION. TO AVOID DISTRESS TO THE PATIENT, NEUROMUSCULAR BLOCK 
SHOULD NOT BE INDUCED BEFORE UNCONSCIOUSNESS. 
Nuromax nfection is acidic (pH 3.9 to 5.0) and may not be compatible with alkaline solutions having a 
pH greste- than 8.5 (¢.¢, barbiturate solutions). 
Nuromax Injection contains benzyl alcohol. In newhom Infants, banzyl alcohol has been associated 
with an increased incidence of neurological and other compications which are sometimes fatal. See 
Pedlatric Use subsection of PRECAUTIONS. 
PRECAUTIONS: General: Nuromax has no cilnically significant effects on heart rate; therefore, 
Nuromax will not counteract the bradycardia produced by many anesthetic agents or by vagal 
simulation. Neuromuscular blocking agents may have a profound effect in patients with neuromuscular 
diseases (a.g, myasthenia gravis and the myasthanic syndrome). In these and other conditions in 
which prolonged neuromuscular block Is a possiblity (a.g, carcinomatosis), the use of a peripheral 
nerve stimulator and a small test dose of Nuromax is recommended to assess the level of 
neuromuscular block and to monitor dosage requirements. Shorter acting muscle relaxants than 
Nuromax may be more sultable for these patients. Resistance to nondepolarizing neuromuscular 
blocking gents may develop in patients with bums depending upon the time elapsed since the injury 
and the size of the bum. Nuromax has not been studied in patients with bums. Acid-bass and/or serum 
electrolyte abnormafties may potentiate or antagonize the action of neuromuscular blocking agents. 
The action of neuromuscular blocking agents may be enhanced by magnesium salts administered for 
the management of toxemia of pregnancy. Nuromex has not been studied in patients with asthma. No 
data are available to support the use of Nuromax by intramuscular injection. Renal and Hepatic 
Disease: Nuromax has been studied in patients with 6 Kidney (N=8) or liver (n=7) disease 
undergoing transplantation procedures (see CLINICAL PHARMACOLOGY). The possibility of 
prolonged neuromuscular block in pafents undergoing renal transplantation and the possibility of a 
vartable o7set and duration of neuromuscular block in paffents undergoing liver transplantation must be 
considered when Nuromax is used in such patients. Obes!ty: Administration of Nuromax on the basis 
of actual body weight is associated with a prolonged duration of action In obese patients (patients 
weighing > 30% more than ideal body weight for height) (see CLINICAL PHARMACOLOGY). 
. Therefore, the dose of Nuromax should be based upon ideal body weight in obese patients (see 
individuaiization of Dosages subsection of CLINICAL PHARMACOLOGY). Malignant Hyperthermia 
(MH): In a study of MH-susceptibie pigs, Nuromax did not trigger MH. Nuromax has not been studied in 
MH-susceptibls patients. Since MH can develop in the absence of established triggering agents, the 
cHinictan sould be prepared to recognize and treat MH in any patent scheduled for general anesthesia. 
Long-Term Use In the Intensive Care Unit (ICU): No data are available on the long-term use of 
Nuromax in patients undergoing mechanical ventilation in the ICU. Drug Interactions: Prior 
administration of succinyicholine has no clinically Important effect on the neuromuscular blocking action 
of Nuromax. The use of Nuromax before succinyichoiine to attenuate some of the side effects of 
succinytchokne has not been studied. There are 'no clinical data on concomitant use of Nuromax and 
other nondepotarizing neuromuscular blockiny agents. lsofiurans, enflurane and halothane decrease 
the EDs, of Nuromax by 30% to 45%. These agents may also prolong the clinically effective duration of 
action by up to 25%. Other drugs which may enhance the neuromuscular blocking actlon of 
nondepo arizing agents such as Nuromax include certaln antibiotics (¢.g., aminoglycosides, 
bacitracin, polymyxins, Encomycin, clindamycin, colistin, and sodium coéstimethate), 
magnesium salts, lithium, local anesthetics, procainamide, and quinidine. As with some other 
nondepotarizing neuromuscular the time of onset of neuromuscular block Induced by 
Nuromax $s lengthened and the duration of block is shortened in patients receiving phenytoln or 
carbamazepine. Carcinogenesis, Mutagenesis, impairment of Fertility: Carcinogenesis and fertility 
studies have not been performed. Nuromax was evaluated in a battery of four short-term mutagenicity 
tests. it was non-mutagentc in the Ames Salmonela assay, in the mouse lymphoma assay, and in the 
human hymphocyte assay. In the #7 wo rat bone marrow cytogenetic assay, statistically significant 
Increases fn the incidence of structural abnormariiies, rotative to vehicle controis, were observed In 
mate rats dosed with 0.1 mg/kg (0.625 mg/m?) Nuromax and sacrificed at 6 hours, but not at 24 or 48 
hours, and in femate rats dosed with 0.2 mg/kg (1.25 mg/m) Nuromax and sacrificed at 24 hours, but 
not at 6 or 48 hours. There was no increase in structural abnormalities in either male or female rats 
given 0.3 mg/kg {1.875 mg/m?) Nuromax and sacrificed at 6, 24, le eet seedy melee 
abnormalities in the 47 wo rat bone marrow cytogenetic assay was not and, therefore, 
a colic thee thes cles ved AAAI wore. keatneni-reatade? Gincaly Sokan I low 


nancy: Trogon fect: Pragraricy Cty C. eT ae pregnant 
maximum subparalyzing doses of Nuromax reveated no 


and the doses used were subparalyzing, Nuromax should be used during pregnancy only if the: 
potenifal benefit justifies the potential risk to the fetus. Labor and Delivery: The use of Nuromax during 
labor, vaginal delivery, or cesarean section has not been studied. It is not known whether Nuromax 


-administered to the mother has immediate or delayed effects on the fetus. The duration of action of 


Nuromax exceeds the usual duration of operative obstetrics (cesarean section). Therefore, Nuromax:is 
not recommended for use In patients undergoing C-section. Nursing Mothers: Itis not known whether 
Nuromax is excreted in human mik. Because many drugs are excreted in human milk, caution should 
be exercised following Nuromax admimsirafon to a nursing woman. Pediatric Use: Nuromax has not 
been studied In chidren betow the age of 2 years. See CLINICAL PHARMACOLOGY and DOSAGE AND 
ADMINISTRATION for clinical experiance and recommendations for use in chidren 2 to 12 years of age. 
Gerlatric Use: Nuromax has been used in eklerly patients, including patients with significant 
cardiovascular disease. in elderly patients the onset of maximum biock is slower and fhe duration of 
neuromuscular biock produced by Nuromax is more vartable and, In some cases, longer than in young 
adult patents (see Pharmecodynamics and Individualization of Dosages subsections of CLINICAL 
PHARMACOL OGY) 


ADVERSE REACTIONS: The most- frequent adverse effact of nondepolarizing blocking agents as a 
class consists of an extension of the pharmacological action beyond the time needed for surgery and 
anesthesia. This effect may vary fom skeletal muscle weakness to profound and prolonged skeletal 
muscle paralysis resulting in respiratory insufficiency and apnea which require manual or mechanical 
ventilation until recovery is judged to be clinically adequate (see OVERDOSAGE). Inadequate reversal 
of neuromuscular block from Nuromax is possibla, as with all nondapolarizing agents. Prolonged 
neuromuscular block and inadequate reversal may lead to postoperative compiications. Observed In 
Clinical Trials: Adverse experiences were uncommon among the 1034 surgical patients and 
volunteers who received Nuromax and other drugs in U.S. cinica! studkes in the course of a wide 
variety of procedures conducted during balanced or inhalational anesthesia. The following adverse 
expertences were reported in patents administered Nuromax (ail events judged by investigators during 
fhe clinical trials to have a possible causal relationship): 

Incidence Greater than 1% - None 

incidence Less than 1% - 
Cardiovascular’: hypotension,’ flushing,’ ventricular fibrillation, myocardial Infarction 
bronchospasm, wheezing 


Dermatological: urticarta, injection site reaction 
Special Senses: diplopia 
Nonspecific: dificult neuromuscular block reversal, prolonged drug effect, fever 


* Reports of ventricular fibrillation (n=1) and myocardial infarction (n=1) were limited to ASA Class 3-4 
patents undergoing cardiac surgery (n=142). 
t 0.3% incidence. All other reactions unmarked were < 0.1%. 


with neuromuscular blocking agents may result In neuromuscular block 


, edrophonium 
appropriate anticholinergic agent (see Antagonlem of Neuromuscular Block). 
Antagonism of Neuromuscular Block: ANTAGONISTS (SUCH AS NEOSTIGMINE) SHOULD NOT 
BE ADMINISTERED PRIOR TO THE DEMONSTRATION OF SOME SPONTANEOUS RECOVERY 
FROM NEUROMUSCULAR BLOCK. THE USE OF A NERVE STIMULATOR TO DOCUMENT 
RECOVERY AND ANTAGONISM OF NEUROMUSCULAR BLOCK IS RECOMMENDED. T,/T, 
SHOULD BE > ZERO BEFORE ANTAGONISM IS ATTEMPTED. 

In an analysis of patients In whom antagonism of neuromuscular block was evaluated following 
administration of single doses of neostigmine averaging 0.06 mg/kg (range: 0.05 to 0.075) administered 
at approximately 25% T; spontaneous recovery during balanced anesthesia, 71% of patients exhibited 
TaT, 20.7 before monitoring was discontinued. For these patients, the mean time to T/T, 2 0.7 was 
19 minutes (range: 7 to 55). As with other long-acting nondepolarizing neuromuscular blocking agents, 
the tima for recovery of neuromuscular function following administration of neostigmine is dependent 
upon the level of residual neuromuscular block at the time of attempted reversal; longer recovery times 
than those cited above may be anticipated when neostigmine is administered at more profound levels 
of block (Za, at < 25% T; recovery). 

Patients should be evaluated for adequate clinical evidence of antagonism, e.g., 5-second head ift, and 
grip strength. Ventilation must be supported until no longer required. As with other neuromuscutar 
blocking agents, physicians should be alert to the possibility that the action of the drugs used to 
antagonize neuromuscular block may wear off before the effects of Nuromax on the neuromuscular 
Junction have declined suffickentty. 

Antagonism may be detayed in the presence of debditation, carcinomatosis, and fhe concomitant use of 
certain broad spectrum antibiotics, or anesthetic agents and other drugs which enhance neuromuscular 
block or separately cause respiratory depression (see Drug Interactions subsection of PRE- 
CAUTIONS). Under such circumstances the management is the same as that of prolonged 
neuromuscutar biock. 

In clinical trials, a dose of 1 mg/kg edrophonium was not as effective as a dose of 0.06 mg/kg 
neostigmine in antagonizing moderate to desp levels of nsuromuscutar block (1.e., < 60% T; recovery). 
Therefore, the use of 1 mkg edrophonmum is not recommended for reversal from moderate to deep 
levels of block. The uss of pyridostigmine has not been studied. 

Adults: inftta! Dosse: Whon administered as a component of a induction-iniubation 
paradigm as wel as for production of long-duration neuromuscular block during surgery, 0.05 mg/kg (2 
x EDgc) Nuromax produces good-to-excellent conditions for tracheal Intubation in 5 minutes in 
approximately 90% of patients. Lower doses of Nuromax may result in a longer fime for development of 
satisfactory intubation conditons. Clinically effective neuromuscular block may be expected to last 
approximately 100 minutes on average (range: 39 to 232) following 0.05 mg/kg Nuromax administered 
io patients receiving balanced anesthesia. 

An initial Nuromax dose of 0.08 mg/kg (3 x EDgs) should be reserved for instances in which a need for 
very profonged neuromuscular block is anticipated. In approximately 90% of patents, good-to-excellent 
intubation conditions may be expected In 4 minutes after this dose; however, clinically effective block 
may be expected to persist for as long as 160 minutes or more (range: 110 to 338) (see CLINICAL 
PHARMACOLOGY). 

STORAGE: Store Nuromax Injection at room temperature of 15° to 25°C (59° to 77°F). DO NOT 
FREEZE. 
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MAZICON™ 
(flumazenil/Roche) 


DESCRIPTION: MAZICON™ (flumazenil/Roche) is a benzodiazepine receptor antagonist. Chemically, flumaze- 
nil is ethyl 8-fluoro-5,6-dihydro-5-methy!-6-oxo-4H-imidazo[1,5-a](1,4) benzodiazepine-3-carboxylate. 
Flumazenil has an imidazobenzodiazepine structure, a calculated molecular weight of 303.3. 

Flumazenil is a white to off-white crystalline compound with an octanol:buffer partition coefficient of 14 to 1 at 
pH 7.4. Itis insoluble in water but slightly soluble in acidic aqueous solutions. MAZICON is available as a 
sterile parenteral dosage form for intravenous administration. Each mL contains 0.1 mg of flumazenil com- 
pounded with 1.8 mg of methylparaben, 0.2 mg of propylparaben, 0.9% sodium.chloride, 0.01% edetate di- 
sodium, and 0.01% acetic acid; the pH is adjusted to approximately 4 with hydrochloric acid and/or, if neces- 
sary, sodium hydroxide. 


CLINICAL PHARMACOLOGY: Flumazenil, an imidazobenzodiazepine derivative, antagonizes the actions of 
benzodiazepines on the central nervous system. Flumazenil competitively inhibits the activity at the benzodi- 
azepine recognition site on the GABA/benzodiazepine receptor complex. Flumazenil is a weak partial agonist 
in some animal models of activity, but has little or no agonist activity in man. 

Flumazenil does not antagonize the central nervous system effects of drugs affecting GABA-ergic neurons by 
means other than the benzodiazepine receptor (including ethanol, barbiturates, or general anesthetics) and 
does not reverse the effects of opioids. 

PHARMACODYNAMICS: Intravenous MAZICON has been shown to antagonize sedation, impairment of recall 
and psychomotor impairment produced by benzodiazepines in healthy human volunteers. 

The duration and degree of reversal of benzodiazepine effects are related to the dose and plasma concentra- 
tions of flumazenil as shown in the following data from a study in normal volunteers. 


Magnitude and Duration of Reversal of Sedation as a Function of Flumazenil Dose* 
Flumazenil doses of 0.2, 0.6 & 1.0 mg 
(blood level in ng/mL) 


COMPLETELY ALERT 


Minutes after Flumazenil Injection 
“Sedation produced by midazolam infusion at a rate of 0.06 -0.20 mg/kg/hr in healthy volunteers 





Generally, doses of approximately 0.1 to 0.2 mg (corresponding to peak plasma levels of 3 to 6 ng/mL) pro- 
duce partial antagonism, whereas higher doses of 0.4 to 1.0 mg (peak plasma levels of 12 to 28 ng/mL) usu- 
ally produce complete antagonism in patients who have received the usual sedating doses of benzodiazepines. 
The onset of reversal is usually evident within 1 to 2 minutes after the injection is completed. Eighty percent 
response will be reached within 3 minutes, with the peak effect occurring at 6 to 10 minutes. The duration and 
my of reversal are related to the plasma concentration of the sedating benzodiazepine as well as the dose 
of MAZICON given. 

In healthy volunteers, MAZICON did not alter intraocular pressure when given alone and reversed the decrease 
in intraocular pressure seen after administration of midazolam. 

PHARMACOKINETICS: After IV administration, plasma concentrations of flumazenil follow a two compart- 
ment open pharmacokinetic model with an initial distribution half-life of 7 to 15 minutes and a terminal half-life 
of 41 to 79 minutes. Peak concentrations of flumazenil are proportional to dose, with an apparent initial vol- 
ume of distribution of 0.5 L/kg. After redistribution the apparent volume of distribution (Vos) ranges from 
0.77 to 1.60 ae Protein binding is approximately 50% and the drug shows no preferential partitioning into 
red blood cells. 

Flumazenil is a highly extracted drug. Clearance of flumazenil occurs primarily by hepatic metabolism and is 
dependent on hepatic blood flow. In pharmacokinetic studies of normal volunteers, total clearance ranges 
from 0.7 to 1.3 L/hr/kg, with less than 1% of the administered dose eliminated unchanged in the urine. The 
major metabolites of flumazenil identified in urine are the de-ethylated free acid and its glucuronide conjugate. 
In preclinical studies there was no evidence of pharmacologic activity exhibited by the de-ethylated free acid. 
Elimination of radiolabelled drug is essentially complete within 72 hours, with 90% to 95% of the radioactivity 
appearing in urine and 5% to 10% in the feces. 


Pharmacokinetic Parameters Following a 5-minute infusion of a total of 1.0 mg of MAZICON Mean (Coefficient 
of variation, Range) 


Cmax (ng/mL) 24 (38%, 11-43) 
AUC (ng«hr/mL) 15 (22%, 10-22) 
Vgg (L/kg) 1 (24%, 0.8-1.6) 
Cl (L/hr/kg) 1 (20%, 0.7-1.4) 
Half-life (min) 54 (21%, 41-79) 


The pharmacokinetics of flumazenil are not significantly affected by gender, age, renal failure (creatinine clear- 
ance <10 mL/min), or hemodialysis beginning 1 hour after drug administration. Mean total clearance is de- 
creased to 40% to 60% of normal in patients with moderate liver dysfunction and to 25% of normal in patients 
with severe liver dysfunction compared with age-matched healthy subjects. This results in a prolongation of 
the half-life from 0.8 hours in healthy subjects to 1.3 hours in patients with moderate hepatic impairment and 
2.4 hours in severely impaired patients. Ingestion of food during an intravenous infusion of the drug results in 
a 50% increase in clearance, most likely due to the increased hepatic blood flow that accompanies a meal. 

The pharmacokinetic profile of flumazenil is unaltered in the presence of benzodiazepine agonists and the ki- 
netic profiles of those benzodiazepines are unaltered by flumazenil. 


CLINICAL TRIALS: MAZICON has been administered to reverse the effects of benzodiazepines in conscious 
sedation, general anesthesia, and the management of suspected benzodiazepine overdose. 

CONSCIOUS SEDATION: MAZICON was studied in four trials in 970 patients who received an average of 30 
mg diazepam or 10 mg midazolam for sedation (with or without a narcotic) in conjunction with both inpatient 
and outpatient diagnostic or surgical procedures. MAZICON was effective in reversing the sedating and psy- 
chomotor effects of the benzodiazepine, however, amnesia was less completely and less consistently re- 
versed. In these studies, MAZICON was administered as an initial dose of 0.4 mg I.V. (two doses of 0.2 mg) 
with additional 0.2 mg doses as needed to achieve complete awakening, up to a maximum total dose of 1. 


mg. 
Seventy-eight percent of patients receiving flumazenil responded by becoming completely alert. Of those pa- 
tients, approximately half responded to doses of 0.4 to 0.6 mg, while the other half 1 pera to doses of 0.8 
to 1.0 mg. Adverse effects were infrequent in patients who received 1 mg of MAZICON or less, although injec- 
tion site pain, agitation and anxiety did occur. Reversal of sedation was not associated with any increase in the 
frequency of inadequate analgesia or increase in narcotic demand in these studies. While most patients re- 
mained alert throughout the 3 hour post-procedure observation period, resedation was observed to occur in 
3% to 9% of the patients, and was most common in patients who had received high doses of benzodiazepine. 
See PRECAUTIONS. 

ENERAL ANESTHESIA: MAZICON was studied in four trials in 644 patients who received midazolam as an 
induction and/or maintenance agent in both balanced and inhalational anesthesia. Midazolam was generally 
administered in doses sok bk, from 5 to 80 mg, alone and/or in conjunction with muscle relaxants, nitrous ox- 
ide, regional or local anesthetics, narcotics and/or inhalational anesthetics. Flumazenil was given as an initial 
dose of 0.2 mg IV, with additional 0.2 mg doses as needed to reach a complete response, up to a maximum 
total dose of 1.0 mg. These doses were effective in reversing sedation and restoring psychomotor function, 
but did not completely restore memory as tested by picture recall. MAZICON was not as effective in the rever- 
sal of sedation in patients who had received multiple anesthetic agents in addition to benzodiazepines. 
Eighty-one percent of patients sedated with midazolam responded to flumazenil by becoming completely alert 
Or just slightly drowsy. Of those patients, 36% responded to doses of 0.4 to 0.6 mg, while 64% responded to 
doses of 0.8 to 1.0 mg. 

Resedation in patients who responded to MAZICON occurred in 10% to 15% of patients studied and was 
more common with larger doses of midazolam (>20 mg), long procedures (>60 minutes) and use of neuro- 
muscular blocking agents. (See PRECAUTIONS.) 

MANAGEMENT OF SUSPECTED BENZODIAZEPINE OVERDOSE: MAZICON was studied in two trials in 497 
patients who were presumed to have taken an overdose of a benzodiazepine, either alone or in combination 
with a variety of other agents. In these trials, 299 bret were proven to have taken a benzodiazepine as part 
of the overdose, and 80% of the 148 who received MAZICON responded by an improvement in level of con- 
sciousness. Of the patients who responded to flumazenil, 75% responded to a total dose of 1.0 to 3.0 mg. 


MAZICON™ (flumazenil/Roche) 


Reversal of sedation was associated with an increased frequency of symptoms of CNS excitation. Of the pa- 
tients treated with flumazenil, 1% to 3% were treated for agitation or anxiety. Serious side effects were un- 
common, but six seizures were observed in 446 patients treated with flumazenil in these studies. Four of 
thes Mj fas) had ingested a large dose of cyclic antidepressants, which increased the risk of seizures. (See 


INDIVIDUALIZATION OF DOSAGE: GENERAL PRINCIPLES: The serious adverse effects of MAZICON are re- 
lated to the reversal of benzodiazepine effects. Using more than the minimally effective dose of MAZICON is 
tolerated by most patients but may complicate the management of patients who are physically dependent on 
benzodiazepines or patients who are depending on benzodiazepines for therapeutic effect (such as suppres- 
sion of seizures in cyclic antidepressant overdose). 

In high risk patients, it is important to administer the smallest amount of MAZICON that is effective. The 1- 
minute wait between individual deses in the dose-titration recommended for general clinical populations may 
be too short for high risk patients. This is because it takes 6 to 10 minutes for any single dose of flumazenil to 
reach full effects. Practitioners should slow the rate of administration of MAZICON administered to high risk 
patients as recommended below. 

ANESTHESIA AND CONSCIOUS SEDATION: MAZICON is well tolerated at the recommended doses in individ- 
uals who have no tolerance to (or dependence on) benzodiazepines. The recommended dosages and titration 
rates in anesthesia and conscious sedation (0.2 to 1.0 mg given at 0.2 mg/min) are well tolerated in patients 
receiving the drug for reversal of a single benzodiazepine exposure in most Clinical settings (see Adverse 
Events). The major risk will be resedation because the duration of effect of a long-acting (or large dose of a 
short-acting) benzodiazepine may exceed that of MAZICON. Resedation may be treated by giving a repeat 
dose at no less than 20-minute intervals. For repeat treatment, no more than 1.0 mg 2 0.2 mg/min doses) 
should be given at any one time and no more than 3.0 mg should be given in any one hour. 

OVERDOSE PATIENTS: The risk cf confusion, agitation, emotional lability and perceptual distortion with the 
doses recommended in patients with benzodiazepine overdose (3 to 5 mg administered as 0.5 mg/min) may 
be greater than that expected with lower doses and slower administration. The recommended doses repre- 
sent a compromise between a desirable slow awakening and the need for prompt response and a persistent 
effect in the overdose situation. If circumstances permit, the physician may elect to use the 0.2 mg/minute 
titration rate to slowly awaken the patient over 5 to 10 minutes, which may help to reduce signs and symp- 
toms on emergence. 

MAZICON has no effect in cases where benzodiazepines are not responsible for sedation. Once doses of 3 to 
5 mg have been reached without clinical response, additional MAZICON is likely to have no effect. 

PATIENTS TOLERANT TO BENZODIAZEPINES: MAZICON may cause benzodiazepine withdrawal symptoms 
in individuals who have been taking benzodiazepines long enough to have some degree of tolerance. Patients 
who had been taking benzodiazepines prior to entry into the MAZICON trials who were given flumazenil in 
tsar a 1 mg experienced withdrawal-like events 2 to 5 times more frequently than patients who received 
less than 1 mg. 

In patients who may have tolerance to benzodiazepines, as indicated by clinical history or by the need for 
larger than usual doses of benzodiazepine, slower titration rates of 0.1 mg/min and lower total doses may help 
reduce the frequency of emergent confusion and agitation. In such cases special care must be taken to moni- 
tor the patients for resedation because of the lower doses of MAZICON used. 

PATIENTS PHYSICALLY DEPENDENT ON BENZODIAZEPINES: MAZICON is known to precipitate withdrawal 
seizures in patients who are physically dependent on benzodiazepines, even if such dependence was estab- 
lished in a relatively few days of high dose sedation in Intensive Care Unit environments. The risk of either 
seizures or resedation in such cases is high and patients have experienced seizures before regaining con- 
sciousness. 

MAZICON should be used in such settings with extreme caution, since the use of flumazenil in this situation 
has not been studied and no information as to dose and rate of titration is available. MAZICON should be used 
in such patients only if the potential benefits of using the drug outweigh the risks of precipitated seizures. 
Physicians are directed to the scientific literature for the most current information in this area. 


INDICATIONS AND USAGE: MAZICON is indicated for the complete or partial reversal of the sedative effects of 
benzodiazepines in cases where general anesthesia has been induced and/or maintained with benzodi- 
azepines, where sedation has been produced with benzodiazepines for diagnostic and therapeutic procedures, 
and for the management of benzodiazepine overdose. 
CONTRAINDICATIONS: MAZICON is contraindicated: 
e in patients with a known hypersensitivity to flumazenil or to benzodiazepines. 
e inpatients who have been giver a benzodiazepine for control of a potentially life-threatening condition 

(e.g. control of intracranial pressure or status epilepticus). 
e in patients who are showing signs of serious cyclic antidepressant overdose. (See WARNINGS.) 


WARNINGS: 


THE USE OF MAZICON HAS BEEN ASSOCIATED WITH THE OCCURRENCE OF SEIZURES. 
THESE ARE MOST FREQUENT IN PATIENTS WHO HAVE BEEN ON BENZODIAZEPINES FOR LONG- 
TERM SEDATION OR IN OVERDOSE CASES WHERE PATIENTS ARE SHOWING SIGNS OF SERIOUS 


CYCLIC ANTI-DEPRESSANT OVERDOSE. 
PRACTITIONERS SHOULD INDIVIDUALIZE THE DOSAGE OF MAZICON AND BE PREPARED TO 
MANAGE SEIZURES. 





Risk of Seizures: The reversal of benzodiazepine effects may be associated with the onset of seizures in 
certain high-risk populations. Possible risk factors for seizures include: concurrent major sedative-hyp- 
notic drug withdrawal, recent therapy with repeated doses of parenteral benzodiazepines, myoclonic jerk- 
ing or seizure activity prior to flumazenil administration in overdose cases, or concurrent cyclic anti-de- 
pressant poisoning. 

MAZICON is not recommended in cases of serious cyclic antidepressant poisoning, as manifested by mo- 
tor abnormalities oam rigidity, focal seizure), dysrhythmia (wide QRS, ventricular dysrhythmia, 
heart block), anticholinergic signs (mydriasis, dry mucosa, spot Aspen and cardiovascular collapse 
at presentation. In such cases ICON should be withheld and the patient should be allowed to remain 
sedated (with ventilatory and circulatory support as needed) until the signs of antidepressant toxicity have 
subsided. Treatment with MAZICON has no known benefit to the seriously ill mixed-overdose patient 
other than reversing sedation anc should not be used in cases where seizures (from any cause) are likely. 
Most convulsions associated with flumazenil administration require treatment and have been success- 
fully managed with benzodiazepines, phenytoin or barbiturates. Because of the presence of flumazenil, 
higher than usual doses of benzodiazepines may be required. 


HYPOVENTILATION: Patients who have received MAZICON for the reversal of benzodiazepine effects (after 
conscious sedation or general anesthesia) should be monitored for resedation, sl | depression, or 
other residual benzodiazepine effects for an appropriate period (up to 120 mech on the dose and 
duration of effect of the benzodiazepine employed. 

This is because MAZICON has not been established as an effective treatment for hypoventilation due to 
benzodiazepine administration. The availability of flumazenil does not diminish the need for — de- 
a of hypoventilation and the ability to effectively intervene by establishing an airway and assisting 
ve on. 

MAZICON may not fully reverse postoperative airway 4 seem or ventilatory insufficiency induced by 
benzodiazepines. In addition, even if MAZICON is initially effective, such problems may recur because the 
effects of MAZICON wear off before the effects of many benzodiazepines. 

as cases should always be monitored for resedation until the patients are stable and resedation is 
unlikely. 


PRECAUTIONS: RETURN OF SEDATION: MAZICON may be expected to improve the alertness of patients re- 
covering from a procedure involving sedation or anesthesia with benzodiazepines, but should not be substi- 
tuted for an adequate period of post-procedure monitoring. The availability of MAZICON does not reduce the 
risks associated with the use of large doses of benzodiazepines for sedation. 

Patients should be monitored for resedation, respiratory depression (see WARNINGS), or other persistent or 
recurrent agonist effects for an adequate period of time after administration of MAZICON. 

Resedation is least likely in cases where MAZICON is administered to reverse a low dose of a short-acting ben- 
zodiazepine (<10 mg midazolam). It is most likely in cases where a large single or cumulative dose of a benzo- 
diazepine has been given in the course of a long procedure along with neuromuscular blocking agents and 
multiple anesthetic agents. 

Profound resedation was observed in 1% to 3% of patients in the clinical studies. In clinical situations where 
resedation must be prevented, physicians may wish to repeat the initial dose (up to 1 mg of MAZICON given at 
0.2 mg/min) at 30 minutes and possibly again at 60 minutes. This dosage schedule, although not studied in 
clinical trials, was effective in preventing resedation in a pharmacologic study in normal volunteers. 

USE IN THE ICU: MAZICON should be used with caution in the Intensive Care Unit because of the increased 
risk of unrecognized benzodiazepine dependence in such settings. MAZICON may produce convulsions in pa- 
tients physically dependent on benzodiazepines. (See INDIVIDUALIZATION OF DÔSAGE AND WARNINGS.) 
Administration of MAZICON to diagnose benzodiazepine-induced sedation in the Intensive Care Unit is not 
recommended due to the risk of adverse events as described above. In addition, the prognostic significance 
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of a patient's failure to respond to flumazenil in cases confounded by metabolic disorder, traumatic injury, 
drugs other than benzodiazepines, or any other reasons not associated with benzodiazepine receptor occu- 
poy is not known. 

SE IN OVERDOSE: MAZICON is intended as an adjunct to, not as a substitute for propor management of air- 
way, assisted breathing, circulatory access and support, internal decontamination by lavage and charcoal, and 
adequate clinical evaluation. 

Necessary measures should be instituted to secure airway, ventilation and intravenous access prior to admin- 
istering flumazenil. Upon arousal patients may attempt to withdraw endotracheal tubes and/or intravenous 
lines as the result of confusion and agitation following awakening. 

HEAD INJURY: MAZICON should be used with caution in patients with head injury as it may be capable of pre- 
cipitating convulsions or altering cerebral blood flow in patients receiving benzodiazepines. It should be used 
only by pocan Hin to manage such complications should they occur. 

USE WITH NEUROMUSCULAR BLOCKING AGENTS: MAZICON should not be used until the effects of neuro- 
muscular blockade have been fully reversed. 

USE IN PSYCHIATRIC PATIENTS: MAZICON has been reported to provoke panic attacks in patients with a his- 
my of panic disorder. 

PAIN ON INJECTION: To minimize the likelihood of pain or inflammation at the injection site, MAZICON should 
be administered through a freely flowing intravenous infusion into a large vein. Local irritation may occur fol- 
eee neni into perivascular tissues. 

USE IN RESPIRATORY DISEASE: The primary treatment of patients with serious lung disease who experience 
serious respiratory depression due to benzodiazepines should be appropriate ventilatory support (see PRE- 
CAUTIONS) rather than the administration of MAZICON. Flumazenil is capable of partially reversing benzodi- 
azepine-induced alterations in ventilatory drive in healthy volunteers, but has not been shown to be clinically 


effective. 

USE IN CARDIOVASCULAR DISEASE: MAZICON did not increase the work of the heart when used to reverse 
benzodiazepines in cardiac patients when pan at a rate of 0.1 mg/min in total doses of less than 0.5 mg in 
studies reported in the clinical literature. Flumazenil alone had no significant effects on cardiovascular param- 
eters when administered to patients with stable ischemic heart disease. 

USE IN LIVER DISEASE: The clearance of MAZICON is reduced to 40% to 60% of normal in patients with mild 
to moderate hepatic disease and to 25% of normal in patients with severe hepatic dysfunction (see PHARMA- 
COKINETICS). While the dose of flumazenil used for initial reversal of benzodiazepine effects is not affected, 
repeat doses of the drug in liver disease should be reduced in size or frequency. 

USE IN DRUG AND ALCOHOL DEPENDENT PATIENTS: MAZICON should be used with caution in patients 
with alcoholism and other drug dependencies due to the increased frequency of benzodiazepine tolerance and 
Shel observed in these patient populations. 

MAZICON is not recommended either as a treatment for benzodiazepine dependence or for the management 
of protracted benzodiazepine abstinence syndromes, as such use has not been studied. 

The administration of flumazenil can precipitate benzodiazepine withdrawal in animals and man. This has 
been seen in healthy volunteers treated with therapeutic doses of oral lorazepam for up to 2 weeks who exhib- 
a effects ah as hot flushes, agitation and tremor when treated with cumulative doses of up to 3 mg doses 
of flumazenil. 

Similar adverse experiences suggestive of flumazenil ae ppd of benzodiazepine withdrawal have oc- 
curred in some patients in clinical trials. Such patients had a short-lived syndrome characterized by dizziness, 
mild confusion, emotional lability, agitation (with signs and symptoms of anxiety), and mild sensory distor- 
tions. This response was dose-related, most common at doses above 1 mg, rarely required treatment other 
than reassurance and was usually short lived. When required (5 to 10 cases), these patients were success- 
fully treated with usual doses of a barbiturate, a benzodiazepine, or other sedative drug. 

Practitioners should assume that flumazenil administration may trigger dose-dependent withcrawal syn- 
dromes in patients with established physical dependence on benzodiazepines and may complicate the man- 
agement of withdrawal syndrome for alcohol, barbiturates, and cross-tolerant sedatives. 


DRUG INTERACTIONS: Interaction with central nervous system depressants other than benzodiazepines has 
not been specifically studied; however, no deleterious interactions were seen when MAZICON was adminis- 
tered after narcotics, inhalational anesthetics, muscle relaxants and muscle relaxant antagonists administered 
in conjunction with sedation or anesthesia. 

Particular caution is necessary when using MAZICON in cases of mixed drug overdosage since the toxic ef- 
fects (such as convulsions and cardiac dysrhythmias) of other drugs taken in overdose paper cyclic an- 
tidepressants) may emerge with the reversal of the benzodiazepine effect by flumazenil. (See WARNINGS.) 
The pharmacokinetics of ca cag ee are unaltered in the presence of flumazenil. 

USE IN AMBULATORY PATIENTS: The effects of MAZICON may wear off before a long-acting benzodiazepine 
is completely cleared from the body. In general, if a patient shows no signs of sedation within 2 hours after a 
1.0 mg dose of flumazenil, serious resedation at a later time is unlikely. An adequate period of observation 
must be provided for any patient in whom either long-acting benzodiazepines (such as diazepam) or large 
doses of short-acting benzodiazepines (such as >10 mg of midazolam) have been used. (See INDIVIDUALIZA- 
TION OF DOSAGE.) 

Because of the increased risk of adverse reactions in patients who have been taking benzodiazepines on a reg- 
ular basis, it is particularly important that physicians query carefully about benzodiazepine, alcohol and seda- 
tive use as pe of the by prior to any procedure in which the use of MAZICON is planned. (See DRUG 
AND ALCOHOL DEPENDENT PATIENTS.) 

INFORMATION FOR PATIENTS: MAZICON does not consistently reverse amnesia. Patients cannot be ex- 
pected to remember information told to them in the post-procedure period and instructions given to patients 
should be reinforced in writing or given to a responsible family member. Physicians are advised to discuss 
with their patients, both before call and at discharge, that reg 4 the patient ae feel alert at the time of 
discharge, the effects of the benzodiazepine may recur. As a result, the patient should be instructed, prefer- 
ably in writing, that their memory and judgment may be impaired and specifically advised: 

1. Not to engage in any activities requiring complete alertness, and not to operate hazardous machinery or a 
motor vehicle until at least 18 to 24 hours after discharge, and it is certain no residual sedative effects of the 
benzodiazepine remain. 

2. Not to take any alcohol or non-prescription drugs for 18 to 24 hours after flumazenil administration or if the 
effects of the benzodiazepine persist. 

LABORATORY TESTS: No specific laboratory tests are recommended to follow the patient's response or to 
identify possible adverse reactions. 

DRUG/LABORATORY TEST INTERACTIONS: The possible interaction of flumazenil with commonly used labo- 
ratory tests has not been evaluated. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: No studies in animals to 
evaluate the carcinogenic potential of flumazenil have been conducted. 

Mutagenesis: No evidence for mutagenicity was noted in the Ames test using five different tester strains. 
Assays for mutagenic potential in S. cerevisiae D7 and in Chinese hamster cells were considered to be nega- 
tive as were blastogenesis assays in vitro in peripheral human lymphocytes and in vivo in a mouse micronu- 
cleus assay. Flumazenil caused a slight increase in unscheduled DNA synthesis in rat hepatocyte culture at 
concentrations which were also cytotoxic; no increase in DNA repair was observed in male mouse germ cells 
in an in vivo DNA repair assay. 

Impairment of fertility: A reproduction study in male and female rats did not show any ida of fertility at 
oral copes of 125 dh se che From the available data on the area under the curve (AUC) in animals and 
man the dose represented 120 x the human exposure from a maximum recommended intravenous dose of 5 


mg. 
PREGNANCY: CATEGORY C. There are no adequate and well-controlled studies of the use of flumazenil in 
pregnant women. Flumazenil should be used during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. 
Teratogenic Effects: Flumazenil has been studied for teratogenicity in rats and rabbits following oral treat- 
ments of up to 150 mg/kg/day. The treatments during the major organogenesis were on days 6 to 15 of ges- 
tation in the rat and days 6 to 18 of gestation in the rabbit. No teratogenic effects were observed in rats or rab- 
bits at 150 mg/kg; the dose, based on the available data on the area under the plasma concentration-time 
curve (AUC) represented 120 x to 600 x the human exposure from a maximum recommended intravenous 
dose of 5 mg in humans. In rabbits, embryocidal effects (as evidenced by increased pre-implantation and 
post-implantation losses) were observed at 50 mg/kg or 200 x the human exposure from a maximum recom- 
mended intravenous dose of 5 mg. The no-effect dose of 15 mg/kg in rabbits represents 60 x the human ex- 

osure. 

onteratogenic Effects: An animal reproduction study was conducted in rats at oral dosages of 5, 25 and 125 
mg/kg/day of flumazenil. Pup survival was decreased — the lactating period, pup liver weight at weaning 
was increased for the high-dose group (125 mg/kg/day) and incisor eruption and ear spe in the offspring 
were delayed; the delay in ear opening was associated with a delay in the appearance of the auditory startle re- 
sponse. No treatment-related adverse effects were noted for the other dose groups. Based on the available 
data from AUC, the effect level (125 mg/kg), represents 120 x the human exposure from 5 mg, the maximum 
recommended intravenous dose in humans. The no-effect level represents 24 x the human exposure from an 
intravenous dose of 5 my 
LABOR AND DELIVERY: The use of MAZICON to reverse the effects of benzodiazepines used during labor and 
delivery is not recommended because the effects of the drug in the newborn are unknown. 


MAZICON™ (flumazenil/Roche) 


NURSING MOTHERS: Caution should be exercised when deciding to administer MAZICON to a nursing 
woman because it is not known whether flumazenil is excreted in human milk. 

PEDIATRIC USE: MAZICON is not recommended for use in children (either for the reversal of sedation, the 
management of overdose or the resuscitation of the newborn), as no clinical studies have been performed to 
determine the risks, benefits and dosages to be used. 

GERIATRIC USE: The pharmacokinetics of flumazeni! have been studied in the elderly and are not significantly 
different from eel patients. Several studies of MAZICON in patients over the age of 65 and one study in 
patients over the age of 80 suggest that while the doses of benzodiazepine used to induce sedation should be 
reduced, ordinary doses of ICON may be used for reversal. 


ADVERSE REACTIONS: SERIOUS ADVERSE REACTIONS: Deaths have occurred in patients who received 
MAZICON in a variety of clinical settings. The majority of deaths occurred in patients with serious underlying 
disease or in patients who had ingested large amounts of non-benzodiazepine drugs, (usually cyclic anti-de- 
pressants) as part of an overdose. 

Serious adverse events have occurred in all clinical settings, and convulsions are the most common serious 
adverse event reported. MAZICON administration has been associated with the onset of convulsions in pa- 
tients who are relying on benzodiazepine effects to control seizures, are ial dependent on benzodi- 
azepines, or who have ingested large doses of other drugs. (See WARNINGS.) 

Two of the 446 patients who received MAZICON in controlled clinical trials for the management of a benzodi- 
azepine overdosage had cardiac dysrhythmias (1 ventricular tachycardia, 1 junctional tachycardia). 
ADVERSE EVENTS IN CLINICAL STUDIES: The following adverse reactions were considered to be related to 
MAZICON administration (both alone and for the reversal of benzodiazepine effects) and were reported in 
studies involving 1875 individuals who received flumazenil in controlled trials. Adverse events most fre- 
quently associated with flumazenil alone were limited to dizziness, injection site pain, increased sweating, 
headache and abnormal or blurred vision (3% to 9%). 

BODY AS A WHOLE: Fatigue (asthenia, malaise), Headache, Injection Site Pain’, Injection Site Reaction 
(thrombophlebitis, skin abnormality, rash) 

CARDIOVASCULAR SYSTEM: Cutaneous vasodilation (sweating, flushing, hot flushes) 

DIGESTIVE SYSTEM: Nausea and Vomiting (11%) 

NERVOUS SYSTEM: Agitation (anxiety, nervousness, dry mouth, tremor, palpitations, insomnia, dyspnea, hy- 
perventilation) *, Dizziness (vertigo, grates hale Emotional lability (crying abnormal, depersonalization, eu- 
phoria, increased tears, depression, dysphoria, paranoia). 

SPECIAL SENSES: Abnormal Vision (visual field defect, diplopia), Paresthesia (sensation abnormal, hypoasthe- 


sia) 

All adverse reactions occurred in 1% to 3% of cases unless otherwise marked. 

*indicates reaction in 3% to 9% of cases. 

Observed percentage reported if greater than 9%. 
The following adverse events were observed infrequently (less than 1%) in the clinical studies, but were 
judged as probably related to MAZICON administration and/or reversal of benzodiazepine effects: 
NERVOUS SYSTEM: Confusion (difficulty concentrating, delirium), Convulsions (see WARNINGS), 
Somnolence (stupor). 
SPECIAL SENSES: Abnormal Hearing (transient hearing impairment, hyperacusis, tinnitus). 
The following adverse events occurred with frequencies less than 1% in the clinical trials. Their relationship to 
MAZICON administration is unknown, but they are included as alerting information for the physician. 
BODY AS A WHOLE: Rigors, shivering. 
elgg regi Arrhythmia (atrial, nodal, ventricular extrasystoles), bradycardia, tachycardia, hyperten- 
sion, chest pain. 
DIGESTIVE SYSTEM: Hiccup. 
NERVOUS SYSTEM: Speech disorder (dysphonia, thick tongue). 
Not included in this list is operative site pain that occurred with the same frequency in patients receiving 
placebo as in patients receiving flumazenil for reversal of sedation following a surgical procedure. 


DRUG ABUSE AND DEPENDENCE: MAZICON acts as a benzodiazepine antagonist, blocks the effects of ben- 
zodiazepines in animals and man, antagonizes benzodiazepine reinforcement in animal models, produces dys- 
phoria in normal subjects, and has had no reported abuse in foreign marketing. 

Although MAZICON has a benzodiazepine-like structure it does not act as a benzodiazepine agonist in man and 
is not a controlled substance. 


OVERDOSAGE: Large intravenous doses of MAZICON, when administered to healthy normal volunteers in the 
absence of a benzodiazepine agonist, produced no serious adverse reactions, severe signs or symptoms, or 
Clinically significant laboratory test abnormalities. In clinical studies, most adverse reactions to flumazenil 
were an extension of the pharmacologic effects of the drug in reversing benzodiazepine effects. 

Reversal with an excessively high dose of MAZICON may produce anxiety, agitation, increased muscle tone, 
hyperesthesia and possibly convulsions. Convulsions have been treated with barbiturates, benzodiazepines 
and phenytoin, generally with prompt resolution of the seizures. (See WARNINGS.) 


DOSE AND ADMINISTRATION: MAZICON is recommended for intravenous use only. It is compatible with 5% 
dextrose in water, lactated Ringer's and normal saline solutions. If MAZICON is drawn into a syringe or mixed 
with any of these solutions, it should be discarded after 24 hours. For optimum sterility, MAZICON should re- 
main in the vial until just before use. As with all parenteral drug products, MAZICON should be inspected visu- 
ally for particulate matter and discoloration prior to administration, whenever solution and container permit. 
To minimize the likelihood of pain at the injection site, MAZICON should be administered through a freely run- 
ning intravenous infusion into a large vein. 

REVERSAL OF CONSCIOUS SEDATION OR IN GENERAL ANESTHESIA: For the reversal of the sedative effects 
of benzodiazepines administered for conscious sedation or general anesthesia, the recommended initial dose 
of MAZICON is 0.2 mg (2 mL) administered intravenously over 15 seconds. If the desired level of conscious- 
ness is not obtained after waiting an additional 45 seconds, a further dose of 0.2 mg (2 mL) can be injected 
and repeated at 60-second intervals where necessary (up to a maximum of 4 additional times) toa maximum 
total dose of 1 mg (10 mL). The dose should be individualized based on the patient's response, with most pa- 
tients responding to doses of 0.6 to 1 mg. (See INDIVIDUALIZATION OF DOSAGE.) 

In the event of resedation, repeated doses may be administered at 20 minute intervals as needed. For repeat 
treatment, no more than 1 mg (given as 0.2 mg/min) should be administered at any one time, and no more 
than 3 mg should be given in any one hour. 

It is recommended that MAZICON be administered as the series of small injections described (not as a single 
bolus injection) to allow the practitioner to control the reversal of sedation to the approximate endpoint de- 
sired and to minimize the possibility of adverse effects. (See INDIVIDUALIZATION OF DOSAGE.) 
MANAGEMENT OF SUSPECTED BENZODIAZEPINE OVERDOSE: For initial management of a known or sus- 
pected benzodiazepine overdose, the recommended initial dose of MAZICON is 0.2 mg (2 mL) administered 
intravenously over 30 seconds. If the desired level of consciousness is not obtained after waiting 30 seconds, 
a further dose of 0.3 mg (3 mL) can be administered over another 30 seconds. Further doses of 0.5 mg (5 
mL) can be administered over 30 seconds at 1-minute intervals up to a cumulative dose of 3 mg. 

Do not rush the administration of MAZICON. Patients should have a secure airway and intravenous access 
before administration of the drug and be awakened gradually. (See PRECAUTIONS.) 

Most patients with benzodiazepine overdose will respond to a cumulative dose of 1 to 3 mg of MAZICON, and 
doses beyond 3 mg do not reliably produce additional effects. On rare occasions, patients with a partial re- 
sponse at 3 mg may require additional titration up to a total dose of 5 mg (administered slowly in the same 
manner). 

If a patient has not responded five minutes after receiving a cumulative dose of 5 Lh gay the major 
cause of sedation is likely not to be due to benzodiazepines, and additional MAZICON is likely to have no effect. 
In the event of resedation, repeated doses may be given at 20-minute intervals if needed. For repeat treat- 
ment, no more than 1 mg be as 0.5 mg/min) should be given at any one time and no more than 3 mg 
should be given in any one hour. 

SAFETY AND HANDLING: MAZICON is supplied in sealed dosage forms and poses no known risk to the heaith 
care provider. Routine care should be taken to avoid aerosol generation when preparing syringes for injection, 
and spilled medication should be rinsed from the skin with cool water. 

HOW SUPPLIED: 5 mL multiple-use vials containing 0.1 mg/mL flumazenil: 

Boxes of 10 (NDC 0004-6904-14). 

10 mL multiple-use vials containing 0.1 mg/mL flumazenil: 

Boxes of 10 (NDC 0004-6905-14). 

Store at 59° to 86° F (15° to 30° C). 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 
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340 Kingsland Street 


Nutley, New Jersey 07110-1199 P.I. 1291 


For long surgical procedures... 
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~ Long-acting muscle relaxation without vagolytic effects’ 
pe e Does not cause elevation of heart rate or blood pressure? 
e Histamine-related reactions are unlikely to occur. 


e Recommended when cardiovascular stability is desired? 


e A useful alternative to pancuronium in patients where 
tachycardia is best avoided? 


e Provides good to excellent intubating conditions within 
2.5 to 3.0 minutes. 


See following page for brief summary of prescribing information. 
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(pipecuronium bromide) 


for injection 





Before prescribing, please consult complete product Information, a sum- 
mary of which follows: 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED 
INDIVIDUALS FAMILIAR WITH ITS ACTIONS, CHARACTERISTICS, AND 
HAZARDS. 


CONTRAINDICATIONS: None known. 

WARNINGS: ARDUAN® (PIPECURONIUM BROMIDE) FOR INJECTION SHOULD BE 
ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF 
EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG’S ACTIONS AND THE 
POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION, ARTIFICLAL RESPIRATION, OXYGEN THERAPY, AND 
AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT CUNI- 
CIANS ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH 
AS ARDUAN® EMPLOY A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG 
RESPONSE, NEED FOR ADDITIONAL RELAXANT, AND ADEQUACY OF SPONTANEOUS 
RECOVERY OR ANTAGONISM. In patients with myasthenta gravis or myasthank (Eaton- 
Lambert) syndrome, small doses of non-depolarizing neuromuscular blocking agents may 
have profound effects. Shorter-acting muscle relaxants than ARDUAN® may be more 
sultable for these patients. 

PRECAUTIONS: General: Since ARDUAN® has little or no effect on the heart rate, the 
drug will not counteract the bradycardia produced by many optold anesthetic agents or 
vagal stimulation. Consequently, bradycardia during anesthesia may be more common with 
ARDUAN® than when a musde relaxant (such as pancurontum) which exerts vagotytic action 
isem f 

Renal Fallure: ARDUANS in the dose of 70 pg/kg actual body weight (ABW), has been 
studied in a Emited number of patients [(n=20) undergoing renal transplant surgery recently 
dialyzed in preparation for cadaver renal transplant. The mean clinical duration {injection to 
25% recovery} of 103 minutes was not judged prolonged; however, there was wide Individual 
vartation [30 to 267 minutes). ARDUAN® has not otherwise been studied in patients with 
renal failure {for elective or emergency non-renal surgery). Because it is primarily excreted by 
the kidney, and because some shorter-acting drugs (vecuronium and atracurium) have a 
more predictable duration of action in patients with rendi dysfunction, ARDUAN® should be 
used with extra caution In patients with renal fallure. 

Increased Volume of Distribution: Conditions associated with an increased volume 
of distribution, e.g., skower circulation time in cardiovascular disease, old age, or edematous 
states, may be associated with a delay in onset time. Because higher doses of ARDUAN® 
may produce a longer duration of action, the inltlal dosage shou d not usually be increased 
in these patients to enhance onset time; Instead, more time should be allowed for the drug 

to achieve maximum effect. 

Hepatic Disease: There are no data on dosage requirements, onset, duration, or phar- 
macokinstics in patlents with moderate or severe hepatic dysfunction and/or billary obstruc- 
tlon. This should be considered in selection of muscle relaxants for use In these patients. 

The most common patient condition associated with prolonged clintcal duration 
was obesity, defined as 30% or more over Ideal body weight (IBW). Clinical study subjects 
were dosed on the basis of actual body weight, which may have contributed to the higher 
inckdencs of prolonged duration. It ts therefore recommended that dosage be based upon 
ideal body weight for height in obese patlents. 

Malignant Hyperthermia (MH): Human malignant hyperthermia has not been 
reported with the administration of ARDUAN® Because ARDUAN® is never used alone and 
because the occurrence of malignant hyperthermia during anesthesia is possible even In the 
absence of known triggering agents, cliniclans should be tamHiar with early signs, confirma- 
tory diagnosis, and eaman ci malignant hyperthermia prior to the start of any anesthetic. 
In an animal study In MH-suscsptible swine (n=7), the administration of ARDUAN® was not 
assoclatad with the development of malignant hyperthermia. 
Long-Term Uses in the Intensive Unit (ICU): No cata are available on the 
long-term use of ARDUAN® in patlents undergoing mechanical vent#ation in the [.C.U. 
Centra! Nervous System: ARDUAN® has no known effect on consciousness, the pain 
threshold, or cerebration. Therefore, administration must be accompanied by adequate 
anesthesia. 
Drug Interactions: ARDUAN® can be administered following recovery from succinyicho- 
line when the latter Is used to facilitate endotracheal Intubation. 

The use of ARDUAN® before succinyicholine, In order to attenuate some of the side effects 
of succinylcholine, Is not recommended because it has not been studied. 

There are no dinical data on concomitant use of ARDUAN® and other non-depolarizing 
neuromuscular block nts. 
Inhalattonal Anesthetics: Use of volatile Inhalation anesthetics has been shown to 
enhance the activity of other neuromuscular blocking agents on the order of enflurane > 
Isoflurane > halothane. Since the neuromuscular blocking agents are routinely administered 
before or shortly after the administration of the inhalation anesthetic, minimal effects are 
generally observed on onset time and peak effect. In routine use of neuromuscular blocking 
agents, only clinical duration is sanera cttecied (prolonged). No definite Interaction 
between ARDUAN® and halothane, as used clinically, has been demonstrated. Use of 
isoflurane In one study of 25 patients resulted in an increase in msan clinical duration by 
12%. In another study of 25 patients first anesthetized with enflurane for 5 minutes or more, 
the mean ciinkcal duration was increased by 50%. Therefore, a prolonged clinical duratton 
following initial or maintenance doses and prolonged recovery from neuromuscular block- 
ing ettect of ARDUAN® should generally be anticlpated with enflurane > isoflurane > 
halothane. 
Antibiotics: Parenteral/intraperttoneal administration of high doses of certain antibiotics 
may intensify or produce neuromuscular block on their own. The following antibiotics have 
been associated with various degrees of paralysis: aminoglycosides (such as neomycin, 
streptomycin, kanamycin, gentamicin, and dihydrostreptomycin}; tetracyclines; bacitracin; 
potymy>in B; colistin; and sodium collstimethate. H these or other newly introduced antibiot- 
ics are used in conjunction with ARDUAN® during surgery, prolongation of neuromuscular 
block sould be considered a possibility. 
Other: Experience concerning Injection of quinidine umaa oy from use of othar mus- 
cle relaxants suggests that recurrent paralysis may occur. possibility must also be con- 
sidered lor ARDUAN® ARDUAN®-induced neuromuscular blockade has been counteracted 
by alkatosis and enhanced by acidosis in experimental animals (cat). In addition, experience 
with other drugs has suggested that acute (e.g., diarrhea) or chronic {e.g., adrenocortical 


insufficiency) electrolyte Imbalance may alter neuromuscular blockade. Since electrolyte 
Imbalance and acid-base Imbalance are usually mixed, either enhancement or inhibition 
may occur. Magnesium salts, administered for the management of toxemia of pregnancy, 
may enhance neuromuscular blockade, 
Drug/Laboratory Test Interactions: None known. 
Carcinogenesis, esis, Impairment of Fertility: Studies in animals have 
not been performed to evaluate carcinogenic potential or lmpalrment of fertility Mutagenicity 
studies (Ames test, Sister Chromatid Exchange) conducted with ARDUAN® revealed no 
mutagen potential. 
Pregnancy Category C: A teratogenkity study has been conducted in rats using 
intravenously administered doses of ARDUAN® approximating the clinical dose in humans 
(50 pg/kg). No teratogenic effects were observed In this study. An embryotoxdc effect 
(secondary to maternal toxicity) was observed at the highest dose administered (50 pg/kg) 
as demonstrated by an Increase In earller fetal resorptions. There are no adequate an 
well-controlled studies in pregnant women. ARDUAN® should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 
Use In Obstetrics (Caesarean section): There ore insufficient data on placental transfer 
of ARDUAN® and possible related effect(s) upon the neonate following Caesarean section 
delivery. In addition, the duration of action ot ARDUAN® exceeds the duration of operative 
obstetrics (C-sectionf. Therefore, ARDUAN® is not recommended for use in patients under- 
C-section. 
Pediatric Use: Infants (3 months to 1 year) under balanced anesthesia (2 studies In 
52 infants}, or halothane anesthesia (] study In 29 infants), manifest similar dose response to 
ARDUAN® as do adults on a pg/kg ABW basis. Children {1 to 14 years) under balanced 
anesthesia (4 studies In 57 chidien, or halothane anesthesia (2 studies in 29 children}, may 
be less sensitive than adults. These conclusions come from studies involving titrating pattent 
response by the Incremental method to approximately 1.2 times ED,. There are no data on 
either onset time or clinical duration of larger doses in infants or children. There are no data 
on maintenance dosing In infants and children. Pharmacokinetic studies In Infants and chil- 
dren have not been performed; therefore no pharmacokinetic modeling of Incremental dos- 
ing can be attempted. The use of ARDUAN® in neonates and infants below 3 months of 
has not been Bia aes Antagonism has not been systematically studied in Infants or chil- 
dren. However, usual clinical doses of neostigmine administered following significant levels 
of spontaneous recovery [recovery of T, to more than 50% of control) produced complete 
antagonism of residual neuromuscular block in less than 10 minutes in the majority of cases. 
RSE REACTIONS: The most frequent side effect of non-depotarizing blocking 
agents as a class Is an exdension of the drug's pharmacological action beyond the time 
period needed for surgery and anesthesia. Clinical signs may vary from skeletal muscle 
weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory Insuffi- 
ciancy or apnea. This may be due to the drug's effect or Inadequate antagonism. 

The following listings are based upon U.S. dinical studies involving nearly 600 patients utl- 
lizing a varlety of premedications, varying lengths of surgical procedures, and various anes- 
thatic agents. 

Adverse expertences In greater than 1% of cases and judged by the investigator to have a 
possible causal relationship: clinically significant hypotension (2.5% of cases); clinlaully sig- 
nificant bradycardia (1.4% of casas). 

Adverse experiences in lass than 1% of cases and judged by the investigator to have a 
possible causal relationship: 

Cardiovascular: hypertension, myocardial ischemia, cerebrovascular accident, thrombo- 
sis, atrial fibrillation, ventricular ext ; 

Metabolic and Nutritional: increased creatinine, hypoglycemia, hyperkalemia. 
Musculoskeletal: muscle atrophy, difficult intubation. 

Nervous: hypesthesta, CNS depression. 

Respiratory: dyspnea, respiratory depression, laryngismus, atelectasis. 

Skin and Appendages: rosh, urticaria. 

Urogenital system: anuria. 

HOW SUPPLIED: 10 mL vials containing 10 mg lyophilized pipecurontum bromide. Boxes 
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Comparison of Etomidate, Ketamine, Midazolam, Propofol, 
and Thiopental on Function and Metabolism of 


Isolated Hearts 


David F. Stowe, MD, PhD, Zeljko J. Bosnjak, PhD, and John P. Kampine, MD, PhD 


Anesthesiology Research Laboratory, Departments of Anesthesiology and Physiology, The Medical College of 
Wisconsin, and the Veterans Affairs Medical Center, Milwaukee, Wisconsin 


The authors examined direct myocardial and coro- 
"nary vascular responses to the anesthetic induction 
agents etomidate, ketamine, midazolam, propofol, 
and thiopental and compared their effects on attenu- 
ating autoregulation of coronary flow as assessed by 
changes in oxygen supply/demand relationships. 
Spontaneous heart rate, atrioventricular conduction 
time during atrial pacing, left ventricular pressure 
(LVP), coronary flow (CF), percent oxygen extraction, 
oxygen delivery, and. myocardial oxygen consump- 
tion (MVo.) were examined in 55 isolated guinea pig 
hearts divided into five groups of 11 each. Hearts 
were perfused at constant pressure with one of the 
drugs administered at steady-state concentrations 
increasing from 0.5 uM to 1 mM. Adenosine was 
given to test maximal CF. At concentrations below 
10 uM no significant changes were observed; beyond 
50 uM for midazolam, etomidate, and propofol, and 
100 uM for thiopental and ketamine, each agent 
caused progressive but differential decreases in heart 
rate, atrioventricular conduction time (leading to 
atrioventricular dissociation), LVP, +dLVP/dt,.,, 
percent oxygen extraction, and MVo,. The concentra- 
tions (4M) at which +dLVP/dt,,,, was reduced by 
50% were as follows: etomidate, 82 + 2 (mean + SEM); 
propofol, 91 + 4; midazolam, 105 + 8; thiopental, 
156 + 11; and ketamine, 323 + 7; the rank order of 


onvolatile anesthetic induction agents can 
cause cardiovascular depression in humans 
after intravenous administration (1-5). De- 
creased blood pressure with reflex tachycardia is 
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potency was etomidate = propofol = midazolam > 
thiopental > ketamine; results were similar for LVP. 
At the 100 uM concentration, CF was decreased 
11% + 2% by ketamine and 5% + 3% by thiopental 
but was increased 17% + 6% by etomidate, 21% + 5% 
by midazolam, and near maximally to 57% + 10% by 
propofol; MVo, was decreased 8% + 4% by thiopen- 
tal, 10% + 5% by ketamine, 19% + 5% by midazolam, 
29% + 7% by etomidate, and 37% + 5% by propofol; 
oxygen delivery/MVo, was unchanged by thiopental 
and ketamine but was increased 62% + 7% by mida- 
zolam, 71% + 9% by etomidate, and 150% + 15% by 
propofol. Between 100 uM and 1 mM, thiopental and 
ketamine did not increase CF but decreased MVo, 
and percent oxygen extraction, whereas propofol 
maximally increased CF and decreased MVo, and 
midazolam and etomidate had intermediate effects. 
These results indicate that on a molar basis, propofol, 
and less so midazolam and etomidate, depress car- 
diac function moderately more than thiopental and 
ketamine, ard that propofol markedly attenuates 
autoregulation by causing coronary vasodilation. 
With doses used to induce anesthesia, propofol and 
thiopental appear to depress cardiac function more 
than ketamin2 or etomidate. 

(Anesth Analg 1992;74:547-58) 


often observed. The degree of hypotension is depen- 
dent on dose and speed of administration and ap- 
pears to vary greatly among the commonly used 
drugs: thiopental, etomidate, midazolam, propofol, 
and ketamine. The variability in hypotension pro- 
duced by these drugs could result from their variable 
effects on peripheral arteriolar vasodilation and ven- 
odilation or from direct myocardial depression or both. 

The global cardiac mechanical effects of these five 
induction agents have not been compared in dose- 
dependent fashion. Several mechanical models, i.e., 
isolated heart and papillary and ventricular muscle of 
various species (6-12), have been used to examine 
cardiac contractile effects of etomidate, midazolam, 
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ketamine, and thiopental. There are only a few pre- 
liminary reports (13,14) on the direct in vitro effect of 
propofol on cardiac contractile function. No known 
reports have appeared that examine the isolated, 
dose-dependent effects of these induction agents 
simultaneously on myocardial excitability, contractil- 
ity, coronary flow, and oxygen utilization. 

To determine differential depressant effects of 
these induction agents on global cardiac function, it is 
best to use a model in which mechanical function is 
unaffected by changes in diastolic volume, afterload 
impedance, autonomic nervous tone, and humoral 
factors. To adequately assess vasodilatory responses, 
maximal coronary reserve should be tested with a 
drug, i.e., adenosine, that can maximally increase 
coronary flow. Measurement of myocardial oxygen 
extraction in addition to coronary flow is necessary to 
elucidate the direct vasodilatory effect of the induc- 
tion agents because these agents exert effects on 
cardiac work and metabolism. With the assumption 
that myocardial oxygen utilization reflects the contri- 
bution of autoregulatory factors, such as local metab- 
olites, nutrients, and oxygen, to coronary blood flow 
(15), an imbalance of oxygen delivery relative to 
oxygen consumption reflects a change in coronary 
vascular tone. 

The isolated, perfused guinea pig heart model was 
used to examine changes in spontaneous heart rate, 
atrioventricular (AV) conduction time, isovolumetric 
left ventricular pressure (LVP) and its derivative, 
coronary flow, percent oxygen extraction, and the 
oxygen supply-to-demand ratio. The specific aims of 
this study were (a) to compare direct cardiac effects of 
increasing equimolar concentrations of etomidate, 
ketamine, midazolam, propofol, and thiopental on 
electrical and mechanical function and coronary flow; 
(b) to examine coronary flow responses as a function 
of maximal.coronary reserve, as determined by aden- 
osine administration; and (c) to examine the relative 
effectiveness of each of these agents on altering 
oxygen supply and myocardial oxygen demand. Our 
results demonstrate that although there are moderate 
quantitative differences in the effects of these drugs 
on electrical activity and myocardial contractility at 
equivalent molar concentrations, there are major dif- 
ferences in their effects on coronary flow and oxygen 
supply-to-demand ratios. Because of large differences 
in plasma concentrations required for induction of 
anesthesia, caution must be exercised in extrapolat- 
ing these results to clinical situations. 


Methods 


Approval from the institutional Animal Studies Com- 
mittee was obtained before initiation of this study. 
Isolation and preparation of hearts as used for this 
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study have been detailed in recent reports (16,17). 
Fifty-five hearts were prepared and perfused at an 
aortic root perfusion pressure of 55 mm Hg. The 
perfusate, a modified Krebs-Ringer salt solution was 
filtered (5-um pore size) in-line (Astrodisc, Gelman 
Scientific, Ann Arbor, Mich.) and had the following 
composition (in mM): Na* 137, K* 4.5, Mg?* 1.2, 
Ca** 2.5, Cl” 134, HCO,” 15.5, H PO, 1.2, glucose 
11.5, pyruvate 2, mannitol 16, ethylenediaminetet- 
raacetic acid (EDTA) 0.05, and insulin 5 U/L. Perfus- 
ate and bath temperature were maintained at 37 + 
0.3°C. Each perfusate solution was equilibrated with 
a gas mixture of 96% O, + 4% CO, at a flow rate of 
3 L/min. 

Spontaneous atrial rate, AV conduction time, and 
systolic left ventricular pressure (LVP) and its deriv- ` 
ative were measured as detailed previously (16,17). 
Hearts were also paced at 240 beats/min for 1 min 
during each experimental maneuver to examine 
changes in AV conduction time at a constant atrial 
rate. Coronary (retrograde aortic) inflow was mea- 
sured electromagnetically as detailed previously 
(16,17). Adenosine (0.2 mL of a 2 mM solution) was 
injected into the aortic (coronary perfusion) cannula 
before and after drug administration to assess maxi- 
mal coronary flow as an index of abolition of coronary 
autoregulation. Coronary inflow and outflow (coro- 
nary sinus) O, tensions (mm Hg) were measured 
continuously on-line and verified off-line as described 
in detail previously (16,17). Oxygen delivery, percent 
oxygen extraction, and myocardial oxygen consump- 
tion were calculated as noted previously (16,17). 

All drugs were obtained commercially in their 
vehicles (etomidate, 2 mg/mL; ketamine, 100 mg/mL; 
midazolam, 5 mg/mL; propofol, 10 mg/mL; and thio- 
pental, powder). Each drug was diluted in Krebs- 
Ringer perfusate to make 5 mM solutions that were 
divided into 50-mL aliquots, frozen at —15°C, and 
thawed for daily use. Vehicle preparations (etomi- 
date, 350 mg/mL propylene glycol in H,O; ketamine, 
0.8% NaCl; midazolam, 0.01% disodium edetate and 
1% benzyl alcohol in H,O, adjusted to pH of 3 with 
0.1 N HCl; propofol, Intralipid, i.e., soybean oil 
100 mg/mL + glycerol 22.5 mg/mL + egg lecithin 
12 mg/mL in H,O; thiopental, 0.8% NaCl) were also 
prepared and administered in some hearts at the 
same concentrations corresponding to the three high- 
est drug concentrations given in this study (250, 500, 
and 1000 uM). Measured volumes of the 5 mM 
concentration of each drug or its vehicle were diluted 
into a known volume of perfusate to obtain perfusate 
drug concentrations of 0.5, 1, 5, 10, 50, 100, 250, 500, 
and 1000 uM. The vehicles for each drug, except 
midazolam, had no effect on the measured variables. 
Only the vehicle concentration corresponding to 1000 


' uM midazolam, 0.18% benzyl alcohol, decreased LVP 
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and its peak derivatives approximately 25%. This 
effect of the vehicle was not subtracted from the drug 
effects as displayed in the results because these 
variables were nearly maximally depressed by 1000 
uM midazolam. 

Hearts prepared for this study were randomly 
assigned to one of five groups: etomidate (n = 11), 
ketamine (n = 11), midazolam (n = 11), propofol (n = 
11), or thiopental (n = 11). In four hearts of each 
group, the vehicle for a given drug was also admin- 
istered either before or after the drug. After a 30-min 
period of stabilization (initial control), each heart was 
perfused with the selected drug administered in 
increasing concentrations from 0.5 to 1000 uM for 
10 min at each concentration to obtain steady-state 
dose-dependent responses. Between drug concentra- 
tions of 50 and 100 uM and after 1000 uM, a 20-min 
drug-free control period was allowed to assess return 
of variables to the initial control level. Measurements 
were recorded during the last minute of the 30-min 
initial control period (control 1), the last minute of 
each drug concentration, and the last minute of the 
final 20-min postcontrol period (control 2). Adeno- 
sine was injected into the inflow perfusate during the 
initial and final control periods. For all hearts mean 
coronary arterial (inflow) pH was 7.44 + 0.01 (SEM), 
Pco, was 28 + 1 mm Hg, and Po, was 523 + 
12 mm Hg; there were no significant differences 
among the five groups. 

All data are expressed as mean + standard error of 
the mean (SEM). Mean values were considered signif- 
icant at P < 0.05. Within-group (concentration effects) 
and among-group (drug effects) comparisons were 
made. Within-group comparisons assessed the 
dose-dependent effect of the individual drug groups 
for the change in a given variable from the lowest 
concentration (0.5 uM) of the drugs that produced 
no effects. Analysis of variance with repeated mea- 
sures was used to determine significance; if the 
F test was significant, Fisher's least significant differ- 
ence test was used to compare means (Statview, 
Abacus Concepts, Calabasas, Calif.). These concen- 
tration-dependent effects are detailed statistically in 
Tables 1 and 2. Among-group comparisons assessed 
the differential effects of one drug with the other 
drugs at a given concentration only. Statistical differ- 
ences among the five drug groups were determined 
on the change from the initial control for each variable 
by two-way analysis of variance and means compar- 
ison tests (CLR ANOVA, Clear Lake Research, Hous- 
ton, Tex.). A complete comparison of significance tests 
among the five groups for a given variable at a given 
concentration is displayed in Table 3 where the plus 
sign denotes significance and the zero sign denotes 
nonsignificance. Significance for the incidence of AV 
dissociation (Figure 1) was determined by y~-analysis. 
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Software programs were run on a computer (Macintosh 
SE30 computer, Apple Computer, Cupertino, Calif.). 

In addition, for the variables of LVP (Figure 2) and 
its maximal positive derivative (Figure 3), sigmoidal 
dose-response curves were plotted for the five drugs. 
The curves were best fitted using a four-parameter 
logistic equation and were statistically compared 
simultaneously (Allfit, version 2.7, Laboratory of 
Theoretical and Physical Biology, National Institutes 
of Health, Bethesda, Md.). Maximal responses were 
considered to be the drug-free control; minimal re- 
sponses were assumed to be 0% of control. The molar 
concentration of each drug that depressed these 
variables to 50% of the initial control (ECs9) was 
determined from the fitted curves. Statistical differ- 
ences among the EC; values were determined by 
analysis of variance and means comparison tests. The 
multiple of peak free concentration of each drug that 
might be expected to decrease cardiac contractility by 
50% was estimated as the individual EC;, values for 
+dLVP/dt,,,, divided by published values for peak 
plasma concentrations in vivo. Similarly, the multiple 
of peak free concentration of each drug that might be 
expected to increase coronary flow to 50% of the 
maximum response to adenosine was estimated as 
the individual 50% response to the initial dose of 
adenosine divided by published values for peak 
plasma concentrations in vivo. 


Results 
Electrophysiologic and Mechanical Function 


Table 1 displays average effects and significance of 
increasing concentrations of individual induction 
agents on cardiac electrophysiologic and mechanical 
variables. Statistical comparisons among the induc- 
tion agents at equimolar concentrations for each 
variable are summarized in Table 3. The 0.5 uM 
concentration of each drug produced no change in 
any variable compared to the initial control values. 
Intrinsic sinoatrial rate was unaffected by concentra- 
tions of these drugs lower than 100 uM, except for 
propofol, which decreased heart rate at concentra- 
tions greater than 5 uM. Etomidate (1000 uM) and 
propofol (500 and 1000 uM) caused sinus arrest in all 
hearts. Propofol depressed heart rate more than the 
other drugs at equimolar concentrations between 5 
and 100 uM (Table 3). 

Atrioventricular conduction time during atrial pac- 
ing at 240 beats/min was unaffected by each drug 
below 250 uM, with the exception of 50 and 100 uM 
propofol and 100 uM midazolam, which significantly 
increased AV time. Propofol (100 uM) increased AV 
time more than the other agents; 250 uM concentra- 
tions of each drug, except ketamine, increased AV 
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Table 1. Effects of Equimolar Concentrations of Anesthetic Induction Drugs on Cardiac Rate, Conduction, and 
Mechanical Function 








+dLVP/dt —dLVP/dt 
HR AV time LVP (mm He/s) (mm He/s) 

pM Drug (beats/min) (ms) (mm Hg) (x 1000) (x 1000) 
0.5 Etomidate 210 +7 7424 93 + 8 2.07 + 0.01 1.88 + 0.09 
0.5 Ketamine 215+8 72 +4 97 + 6 2.20 + 0.02 1.86 + 0.09 
0.5 Midazolam 201 + 6 7443 106 + 6 2.28 + 0.11 2.04 + 0.15 
0.5 Propofol 205 +5 71 +2 97 +8 1.98 + 0.09 1.73 + 0.10 
0.5 Thiopental 204 +5 fy domes} 93 +9 2.05 + 0.14 1.83 + 0.13 
1 Etomidate 209 +7 7644 92 +7 2.12 + 0.15 1.86 + 0.09 
1 Ketamine 210 + 8 72 +3 95 + 6 2.28 + 0.11 1.89 + 0.08 
1 Midazolam 199 +6 7443 105 +5 2.24 + 0.15 1.95 + 0.10 
1 Propofol 205 + 4 742 98 + 8 2.03 + 0.11 1.71 + 0.10 
1 Thiopental 200 + 5 77 +3 92 + 9 2.00 + 0.18 1.68 + 0.15 
5 Etomidate 211 +7 76 +3 97 +7 2.01 + 0.15 1.82 + 0.08 
5 Ketamine 207 + 8 74 +3 95 +6 2.30 + 0.09" 1.88 + 0.10 
5 Midazolam 196 +5 7142 97 +5 1.86 + 0.13° 1.82 + 0.10 
5 Propofol 196 +5 7243 96 +9 1.97 + 0.12 1.67 + 0.09 
5 Thiopental 200 + 5 77 +3 89 +9 1.95 + 0.15 1.74 + 0.17 
10 Etomidate 211+7 76 +3 85 +7 1.91 + 0.15 1.71 + 0.08 
10 Ketamine 204 +9 75 +3 90 + 6 2.16 + 0.10 1.83 + 0.09 
10 Midazolam 189 + 6 7542 89 + 4° 1.86 + 0.10? 1.58 + 0.07 
10 Propofol 191 + 5° 73 +3 93 +9 1.85 + 0.12” 1.62 + 0.09 
10 Thiopental 199 +5 78 +3 86 + 9 1.92 + 0.15 1.73 + 0.13 
50 Etomidate 207 +7 77 +3 64+ 5!" 1.35 + 0.09 1.29 + 0.06° 
50 Ketamine 197 +9 77 +3 84 + 5° 1.85 + 0.12° 1.68 + 0.08” 
50 Midazolam 190 + 6 7542 76 + 4° 1.50 + 0.10° 1.35 + 0.06° 
50 Propofol inst 7 76 + 3° 75 + 8° 1.28 + 0.0% 1.28 + 0.06? 
50 Thiopental 194 + 4 78 +3 73 + 8° 1.55 + 0.15? 1.41 + 0.12° 
100 Etomidate 195+7 78 +2 41 + 4° 0.92 + 0.07 0.90 + 0.06° 
100 Ketamine 186 + 9 78 +4 77 + 4° 1.68 + 0.09” 1.52 + 0.06" 
100 Midazolam 168 + 6 84 + 2° 49 + 3? 1.01 + 0.06" 0.91 + 0.064 
100 Propofol 158 + 6° 95 + 4" 46 + 6! 0.92 + 0.09° 0.93 + 0.09" 
100 Thiopental 187 + 4° 79 +3 62+ 7° 1.31 + 0.12? 1.19 + 0.10° 
250 Etomidate 162+ 7 94 + 5" 14 + 2° 0.41 + 0.06? 0.39 + 0.05" 
250 Ketamine 173 +9 78 +6 63 + 6° 1.19 + 0.13? 0.86 + 0.06" 
250 Midazolam 144 + 9 97 + 4" 28 + 5! 0.62 + 0.09° 0.57 + 0.09° 
250 Propofol 141 + 2 AVD 17+ 9 0.29 + 0.09" 0.27 + 0.0% 
250 Thiopental 146 + 5° 93 + 4" 32 + 5? 0.77 + 0.09" 0.71 + 0.07 
500 Etomidate 121 + 12° 93 + OF 5 + 2" 0.20 + 0.03” 0.18 + 0.03" 
500 Ketamine 140 + 9° 89 + 4” 39 + 4° 0.74 + 0.09% 0.77 + 0.07 
500 Midazolam 128 + 10° 123+ 7 18 + 2° 0.51 + 0.07 0.44 + 0.06° 
500 Propofol SA arrest AVD 00° 0.14 + 0.02° 0.14 + 0.02” 
500 Thiopental 129 + 5° AVD TE 0.45 + 0.07° 0.44 + 0.07 
1000 Etomidate SA arrest AVD 0 + 0° 0.09 + 0.05} 0.06 + 0.03° 
1000 Ketamine 105: 7" 114 + 6° ae a 0.38 + 0.06° 0.38 + 0.05° 
1000 Midazolam 130 + 12° AVD 5+? 0.21 + 0.07 0.17 + 0.04" 
1000 Propofol SA arrest AVD 2 0° 0.14 + 0.02° 0.12 + 0.02? 
1000 Thiopental 103 + 14° AVD EA hg 0.18 + 0.06? 0.17 + 0.06? 
PC Etomidate 22547 74+ 4 86 + 7 1.97 + 0.17 1.71 + 0.12 
PC Ketamine 205 + 8 72 +2 88 + 6 2.12 + 0.09 1.80 + 0.07 
PC Midazolam 205 +7 74+2 104 +4 2D 042 1.86 + 0.09 
PC Propofol is ee gs 76 +3 98 + 10 2.00 + 0.17 1.62 + 0.13 
PC Thiopental 213 +5 74 +3 82 +9 1.91 + 0.17 1.68 + 0.17 


HR, intrinsic heart rate in beats/min; AV, atrioventricular conduction; LVP, isovolumetric left ventricular pressure; +dLVP/dt, maximal positive derivative of left 
ventricular pressure; —dLVP/dt, maximal negative derivative of left ventricular pressure; PC, postcontrol; AVD, atrioventricular dissociation; SA, sinoatrial. 

Data are mean + SEM. All data except intrinsic heart rate were obtained during atrial pacing at 240 beats/min. 

**For each variable, significance is shown by increase (a) and decrease (b) for changes from the lowest concentration (0.5 pM) of a given drug. See Table 
3 for statistical comparisons among drugs at a given concentration. 
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Table 2. Effects of Equimolar Concentrations of Anesthetic Induction Drugs on Coronary Flow and Oxygen Utilization 


pM Drug 
Adenosine 
(all groups) 
0.5 Etomidate 
0.5 Ketamine 
0.5 Midazolam 
0.5 Propofol 
0.5 Thiopental 


Etomidate 
Ketamine 
Midazolam 
Propofol 
Thiopental 
Etomidate 
Ketamine 
Midazolam 
Propofol 
Thiopental 
Etomidate 
Ketamine 
Midazolam 
Propofol 
Thiopental 
Etomidate 
Ketamine 
Midazolam 
Propofol 
Thiopental 
Etomidate 
Ketamine 
Midazolam 
Propofol 
Thiopental 
Etomidate 
Ketamine 
Midazolam 
Propofol 
Thiopental 
Etomidate 
Ketamine 
Midazolam 
Propofol 
Thiopental 
Etomidate 
Ketamine 
Midazolam 
Propofol 
Thiopental 
Etomidate 
Ketamine 
Midazolam 
Propofol 
Thiopental 
Adenosine 
(all groups) 


RASAS SBEBB SSSSE BEBB SHEE 88888 888588 TTA Hee 


Cor flow 


(mL-min™!-g77) 


8.2 + 0.85 


4.7205 
5.5 + 0.5 
522205 
4.4 + 0.6 
45+ 0.4 


4,6 + 0.5 
52+ 0.5 
5,1 + 0.4 
4.1 + 0.5 
4.1 + 0,3* 


4.6 + 0.4 
4.9 + 0.4° 
5.5 + 0.4 
4.1 +0.5 
4.1 + 0.3° 


4.6 + 0.4 
5.0 + 0.4! 
5.6 + 0.5" 
4.3 + 0.5 
4.1 + 0.3? 


5.2 + Os ws 
4.9 + 0.5? 
5.8 + 0.4% 
5.62+ 0.7 
4.3 + 0.4 


55 + 6.5" 
4,9 + 0.5? 
6.8 + 0.8" 
6.7 + 0.8 
4.3 + 0.4 


5.6 + 0.5% 
4.9 + 0.5? 
6.5 + 0.6" 
7.0 = 0.8" 
45+ 0.4 


6.3.20.7 
5.2 + 0.6 
6.7 + 0.8" 
7.42 0.9% 
48 +05 


6.3 + 0.7 
5.6 + 0.7 
7a a a 
74 + 1.0 
5.0 + 0.6 


42+ 0.4 
45+ 0.4? 
5.1 + 0.4 
3.7 + 0.4 
3.9 + 0.3? 


Ves enone Ue 


Po, CS 
(mm Hg) 


181 + 15 
185 + 20 
177 + 11 
157 + 19 
179 + 14 


167 + 14 
165 + 17" 
189 + 10 
148 + 16 
158 + 11’ 


165 + 14 
181 + 18 
191 + 10 
165`+ 18 
160 + 10° 


172 + 12 
168 + 16 
219 + 11° 
166 + 15 
154 + 9 


214 + 20° 
184 + 20 
218 = 12° 
229 + 19 
170 + 15 


279 + 21° 
186 + 25 

293 + 16" 
301 + 14° 


167 + 14 


318 + 17 
192 + 27 
327 + 24" 
344 + 13° 
209 + 20" 


346 + 17° 
239 + 20" 
3595 = 22" 
343 + 16" 
243 + 20° 


348 + 14* 
281 + 29° 
371 + 20 
343 + 16" 
275 * 19 


170 47 
147 + 14° 
157 + 8? 
137 = 13 
146 + 9 


MYo, 


(wL-mirt'-g~’) 


HEHEHEHEH 


Hoa HHH 


ity ib be iè ib it it it H H 


He ih fk ih fh 


~ 


H+ it HH i+ 


WAAMW POW fF WOW hh oO Gh OG UUA AA NDOT UUA | wih 


— 
~e 


BaESSR SSESS BREBES FSSBS SESDE SESER SEARS 


It HH it it 
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O, extraction 


67.5 + 3.8 
7.7 EBD 
64.9 + 1.9 
71.2 + 3.5 
69.6 + 2.0" 


67.9 + 3.7 
64.7 + 3.8 
64.6 + 1.6 
69.7 + 3.8 
69.2 + 2.0° 


66.6 + 3.1 
67.3 + 3.3 
59.4 + 2.4° 
67.7 + 3.4 
69.9 + 1.8° 


58.0 + 5.9 
64.1 + 4.2 
59.4 + 2.5" 
57.7 + 4.3° 
66.9 + 3.0 


45.6 + 5.2 
63.5 + 5.4 
45.5 + 3.5° 
42.8 + 3.2” 
67.5 + 2.6 


39.0 + 4.1° 
60.0 + 5.4 
40.3 + 4,3° 
34.3 + 2.6° 
59.6 + 4.0 


34.3 + 3.1° 
53.6 + 6.0 
34.1 + 4.2° 
33.4 + 3.9 
53.3 + 3.7° 


34.2 + 3.1° 
45.3 + 6.0° 
31.2 + 4.0° 
33.4 + 3.9 
46.6 + 3.9" 


68.9 + 1.8 
71.4 + 2.5° 
70.9 + 1.3 
75.4 + 2.2 
75.3 + 1.8" 


DoJ/MVo, 


1.61 + 0.11 
1.63 + 0.11 
1.50 + 0.05 
1.49 + 0.10 
1.55 + 0.07 


1.53 + 0.10 
1.52 + 0.09 
1.55 + 0.05 
1.43 + 0.07 
1.45 + 0.04° 


1.51 + 0.09 
1.60 + 0.10 
1.56 + 0.04 
1.47 + 0.08 
1.45 + 0.04° 


1.53 + 0.07 
1.52 + 0.08 
1.72 + 0.08* 
1.51 + 0.08 
1.44 + 0.04” 


1.99 + 0.30" 
1.63 + 0.11 
1.71 + 0.07 
1.82 + 0.16 
1.53 + 0.07 


2.50 + 0.30" 
1.71 + 0.18 
2.39 + 0.29" 
2.46 + 0.21" 
1.51 + 0.06 


2.82 + 0.33“ 
1.88 + 0.20 
2.90 + 0.2% 
3.14 + 0.39% 
1.74 + 0.13" 


3.23 + 0.45" 
2.14 + 0.29" 
3.58 + 0.63" 
3.69 + 0.72" 
1.96 + 0.15% 


3.25 + 0.45% 
2.81 + 0.58* 
3.82 + 0.73" 
3.69 + 0.72" 
2.30 + 0.21“ 


1.46 + 0.03 
1.42 + 0.05° 
1.41 + 0.03 
1.33 + 0.04 
1.34 + 0.03° 





Cor, coronary; CS, coronary sinus; MVo2, myocardial oxygen consumption; Do, oxygen delivery; PC, postcontrol. 


n = 11 hearts per anesthetic group. 


. Data are mean + SEM. Adenosine was injected into the aortic cannula to measure maximal flow responses before and after drug treatment. All data were 
obtained during atrial pacing at 240 beats/min. 
“*For each variable, significance is shown by increase (a) and decrease (b) for changes from th2 lowest concentration (0.5 uM) of a given drug. See Table 

3 for statistical comparisons among drugs at a given concentration. 


1992;74:547-58 


ANESTH ANALG 


ma 


Do,/MVo, 





EK MP T 






% O, extraction 


Table 3. Continued 
EK MPT 


MVo, 






LV pressure 





DIRECT CARDIAC EFFECTS OF INDUCTION AGENTS 
AV conduction time 


STOWE ET AL. 


Table 3. Statistical Comparisons of Five Anesthetic 
Heart rate 


Induction Drugs at Equimolar Concentrations on 


Cardiac Variables 
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Figure 2, Percent changes in isovolumetric left ventricular pres- 
sure during atrial pacing at 240 beats/min with increasing equimo- 
lar concentrations of five induction agents. The concentrations at 


1000 PC 


which this variable was reduced by 50% (EC.,) are noted in the_ 


text. Table 1 contains absolute mean values and the significance of 
changes from the initial controls for the individual induction 
agents; Table 3 details the significance differences among the five 
induction agents at each equivalent concentration. ETOM, etomi- 
date; KETA, ketamine; MIDA, midazolam; PROP, propofol; THIO, 
thiopental; PC, postcontrol values. 


+ dLVP/dt max (% change) 





1 10 100 
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Figure 3. Percent changes in the peak positive derivative of left 
ventricular pressure (+dLVP/dt,,,,) during atrial pacing at 240 beats/ 
min with increasing equimolar concentrations of five induction 
agents. The concentrations at which this variable was reduced by 50% 
(ŒC) are noted in the text. See Tables 1 and 3 for statistical details. 
ETOM, etomidate; KETA, ketamine; MIDA, midazolam; PROP, 
propofol; THIO, thiopental; PC, postcontrol values. 


time. Atrioventricular dissociation, with a slowed 
ventricular escape rhythm, occurred with increasing 
concentrations of each drug during atrial pacing 
(Figure 1). The incidence of AV dissociation at a given 
concentration was highest for propofol and was low- 
est for ketamine and midazolam. 


STOWE ET AL. 553 
DIRECT CARDIAC EFFECTS OF INDUCTION AGENTS 


Isovolumetric LVP during atrial pacing was unaf- 
fected by 0.5-10 uM concentrations of each drug with 
the exception of 10 uM midazolam, which signifi- 
cantly decreased LVP. Midazolam (5 and 10 aM) 
decreased LVP more than these concentrations of 
the other drugs. Concentrations of 50 uM and greater 
for each drug depressed LVP. Best fitting of the 
resulting sigmoidal dose-response curves produced 
values for the concentration of each drug that de- 
pressed LVP 50% of the initial value. The EC., values 
for LVP were as follows: etomidate, 85 + 3 pM; 
propofol, 94 + 4 uM; midazolam, 121 + 4 uM; 
thiopental, 158 + 9 uM; and ketamine, 356 + 14 uM. 
Statistical comparisons of the slopes of these curves 
gave the following rank order of potency: etomidate 
same as propofol > midazolam > thiopental > ket- 
amine. Statistica] differences in depression of LVP by 
these drugs at equimolar concentrations are detailed 
in Table 3 and the percent changes in LVP for each of 
the five drugs are shown in Figure 2. Postcontrol 
values were similar to the initial control values as 
shown. 

The positive and negative derivatives of LVP 
yielded results similar to that of isovolumetric LVP as 
shown in Figure 3 for +dLVP/dt,,,,, in Table 1 for 
mean values and differences from control for each 
drug, and in Table 3 for significance among the drug 
groups at equimolar concentrations. The increase in 
+dLVP/dt,,a, With 5 uM ketamine was significant 
compared to the initial control. Best fitting of the 
resulting sigmoidal dose-response curves produced 
the following ECs, values for +dLVP/dt,,,,: etomi- 
date, 82 + 2 uM; propofol, 91 + 4 uM; midazolam, 
105 + 8 uM; thiopental, 156 + 11 uM; and ketamine, 
323 + 7 uM. Statistical comparisons of the slopes of 
these curves gave the following rank order of po- 
tency: etomidate same as propofol, propofol same as 
midazolam > thiopental > ketamine. 


Coronary Flow and Oxygen Utilization 


Table 2 displays mean values and significance for 
changes from control for the following variables: 
coronary flow, coronary sinus oxygen tension, myo- 
cardial oxygen consumption rate, percent oxygen 
extraction, and the oxygen supply to oxygen demand 
ratio. Significant differences among the drug groups 
at equimolar concentrations are summarized in Table 
3. Figures 4 to 7 display changes in these variables 
(except coronary sinus oxygen tension). 

Figure 4 and Table 2 show that adenosine injection 
maximally increased coronary flow from the initial 
control of 4.6 to 8.2 mL-min™’-g~* (averaged for all 
groups), a 78% increase, before perfusion with the 
induction agents, and from the postcontrol average of 
4.2 to 7.5 mL-min™'-g~', a 78% increase, after perfu- 
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Figure 4. Absolute changes in coronary flow with increasing 
equimolar concentrations of five induction agents. Adenosine was 
injected before and after dose-response curves to assess maximal 
coronary flow responses. See Tables 1 and 3 for statistical details. 
ETOM, etomidate; KETA, ketamine; MIDA, midazolam; PROP, 
propofol; THIO, thiopental; PC, postcontrol values. 
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Figure 5. Percent changes in myocardial oxygen consumption 
with increasing equimolar concentrations of five induction agents. 
See Tables 1 and 3 for statistical details. ETOM, etomidate; KETA, 
ketamine; MIDA, midazolam; PROP, propofol; THIO, thiopental; 
PC, postcontrol values. 


sion with the induction agents. Increasing concentra- 
tions of ketamine from 1 to 250 uM and of thiopental 
from 1 to 10 uM produced only decreases in coronary 
flow (Table 2 and Figure 4). Higher concentrations of 
these agents produced no change in flow from the 
initial control values, and the postcontrol values were 
slightly below the initial control values. Flow in- 
creased with midazolam at concentrations between 
10 and 1000 uM and with etomidate and propofol 
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Figure 6. Percent changes in oxygen extraction with increasing 
equimolar concentrations of five induction agents. See Tables 1 and 
3 for statistical details. ETOM, etomidate; KETA, ketamine; MIDA, 
midazolam; PROP, propofol; THIO, thiopental; PC, postcontrol 
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Figure 7. Percent changes in the ratio of oxygen delivery to 
myocardial oxygen consumption with increasing equimolar con- 
centrations of five induction agents. See Tables 1 and 3 for 
statistical details. ETOM, etomidate; KETA, ketamine; MIDA, 
midazolam; PROP, propofol; THIO, thiopental; PC, postcontrol 
values. 


between 50 and 1000 uM. The increases in coronary 
flow with propofol from 50 to 1000 uM were greater 
than those of the other agents (Table 3) and were 
equivalent to the maximal flow, obtained with aden- 
osine, at concentrations between 100 and 1000 uM. 
Myocardial oxygen consumption was unchanged 
for etomidate and midazolam up to 100 uM, for 
thiopental and propofol up to 250 uM, and for 
ketamine up to 500 uM; higher concentrations de- 
creased myocardia! oxygen consumption. There were 
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few significant differences among the drugs at equi- 
molar concentrations (Table 3 and Figure 5). 

Percent oxygen extraction was increased by 1 uM 
ketamine, was unchanged by 5-250 uM ketamine, 
and was decreased by 500 and 1000 uM ketamine 
(Table 2 and Figure 6). This variable was increased 
by 1-10 uM thiopental, was unchanged by 50 and 
100 uM thiopental, and was decreased by 250- 
1000 uM thiopental. Percent oxygen extraction was 
decreased by midazolam at concentrations above 
10 uM and by etomidate and propofol at concentra- 
tions above 50 aM. Postcontrol values were slightly 
higher than initial control values for ketamine and 
propofol. At equimolar concentrations above 50 uM, 
etomidate, midazolam, and propofol similarly de- 
creased percent oxygen extraction and these de- 
creases’ were significantly greater than the equiva- 
lently smaller decreases produced by ketamine and 
thiopental (Table 3 and Figure 6). 

The ratio of myocardial oxygen delivery to oxygen 
consumption yielded results that were generally the 
inverse of results obtained for percent oxygen extrac- 
tion. This ratio was decreased by 1 uM ketamine and 
by 1-10 uM thiopental, was unchanged by 5-250 uM 
ketamine and by 50 and 100 uM thiopental, and was 
increased by higher concentrations of these drugs 
(Table 2). It was also increased by concentrations of 
midazolam above 10 uM and by concentrations of 
etomidate and propofol above 50 uM. At concentra- 
tions above 50 uM etomidate, midazolam and propo- 
fol similarly increased oxygen supply relative to oxy- 
gen demand, and these increases were significantly 
greater than the smaller, but similar, increases pro- 
duced by ketamine and thiopental (Table 3 and 


Figure 7). 


Discussion 


This study was designed principally to compare di- 
rect cardiac effects of five commonly used intrave- 
nous agents by analyzing responses at equimolar 
concentrations. We used isolated, perfused guinea 
_ pig hearts to compare direct chronotropic, dromotro- 
pic, inotropic, and coronary vasodilatory effects of 
these drugs unencumbered by autonomic influence 
and alterations in preload volume or afterload imped- 
ance. Measurement of arterial and coronary sinus 
oxygen tensions allowed us to examine additionally 
the effects of these drugs on delivery and utilization 
of oxygen and to compare their effects on altering 
coronary flow autoregulation. 

Overall, this study demonstrates that these drugs 
indeed have differential direct effects on myocardial 
function, coronary flow, and the oxygen supply-to- 
demand ratio in the isolated heart perfused at con- 
stant pressure. Although significant differences in 
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their cardiac mechanical effects were demonstrated at 
equimolar concentrations or by comparison of the 
ECs) for each drug, the differential effects of these 
drugs on coronary flow and oxygen utilization were 
more striking. Compared to ketamine and thiopental, 
the drugs etomidate and propofol, and less so mida- 
zolam, had greater direct myocardial depressant ef- 
fects that were coupled with even greater decreases 
in oxygen extraction because of their effect to increase 
coronary flow and oxygen delivery. 

The most striking finding was that propofol max- 
imally increased coronary flow at concentrations 
greater than 100 uM, whereas the highest concentra- 
tions of midazolam and etomidate increased flow 
only about 50% of the maximum. This indicates that 
propofol, and less so midazolam and etomidate, 
attenuate autoregulation as shown by the marked 
increases in the oxygen supply-to-demand ratio. In 
contrast, the lower concentrations of thiopental and 
ketamine resulted in decreases in coronary flow and 
the higher concentrations resulted in no change in 
flow indicating, at least at the lower concentrations, 
that ketamine and thiopental did not attenuate coro- 
nary flow autoregulation. This is demonstrated by 
the relative lesser changes in the oxygen supply-to- 
demand ratio by ketamine and thiopental compared 
to the other induction agents. 


Differential Effects on Heart Rate, Atrioventricular 
Conduction, and Cardiac Mechanical Function 


At concentrations up to 50 uM, the induction agents 
had little effect on spontaneous heart rate and on AV 
conduction time during atrial pacing at 240 beats/min. 
Higher concentrations (100-250 uM) slowed heart 
rate and increased AV conduction time. The highest 
concentrations of etomidate (1000 uM) and propofol 
(500 and 1000 uM) produced sinus arrest. Atrioven- 
tricular dissociation occurred with increasing concen- 
trations of all drugs except ketamine. At equimolar 
concentrations, the incidence of AV dissociation, 
which resulted in a slow ventricular rate, was highest 
with propofol. Thus in the present comparative 
study, ketamine appears to be the least potent drug, 
and propofol the most potent drug, on depressing 
cardiac excitability. There are few other in vitro 
reports on the direct effects of these drugs on spon- 
taneous heart rate and AV conduction. Ketamine has 
been shown to decrease spontaneous beating of iso- 
lated guinea pig atrial tissue in a dose-dependent 
manner (18). There are many in vivo animal and 
human studies showing increases or decreases in 
heart rate with intravenous administration of these 
drugs, but it is seldom clear if the effects were direct 
or reflex mediated. 
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Cardiac mechanical function was assessed by mea- 
suring isovolumetric LVP, +dLVP/dt,,,,, and —dLVP/ 
dtmax Preload and afterload factors are constant, and 
the observed changes in heart rate (average range of 
103-215 beats/min) did not significantly alter these 
indices of contractile function compared with hearts 
paced at 240 beats/min as shown in the data displayed. 
At equimolar concentrations in the middle dose range, 
or at the concentrations that depressed indices of con- 
tractile function by 50%, the depressant effects of etomi- 
date, propofol, and midazolam on LVP, +dLVP/dt,,,,, 
and —dLVP/dt,,,, were similar and were greater than 
those of thiopental and ketamine. Although differences 
in potency were demonstrated among several of the 
drugs, e.g., ketamine versus propofol, the range of 
difference in concentration was only fourfold. Each of 
the three indices of contractile function was comparably 
decreased. This demonstrates that the maximal rates of 
LVP development and relaxation are closely correlated 
to the peak systolic pressure generated by the heart. 

It is interesting to compare the in vitro concentra- 
tions used in this study with peak plasma concentra- 
tions reported in vivo in humans. The recommended 
intravenous dose for induction of anesthesia ranges 
about 20-fold, i.e., from approximately 0.2 mg/kg for 
midazolam, 0.3 mg/kg for etomidate, 2 mg/kg for 
ketamine, 2.5 mg/kg for propofol, and 3-4 mg/kg for 
thiopental. Each of these drugs becomes 80%-95% 
bound to plasma proteins. Peak plasma concentra- 
tions during induction of intravenous anesthesia with 
the above doses vary widely but are reported to be 
approximately 0.5 uM for midazolam (4), 3 uM for 
etomidate (19), 60 uM for ketamine (20), 50 uM for 
propofol (21-23), and 100 uM for thiopental (24). 
Using these values, the multiples of free peak con- 
centration for each drug in plasma which might be 
expected to decrease contractility by 50% (ECs, values 
from Figure 3) are as follows: 210 times for midazo- 
lam, 27.3 times for etomidate, 5.4 times for ketamine, 
1.8 times for propofol, and 1.6 times for thiopental. 
Although many factors affect plasma concentrations 
(e.g., speed of injection, volume of distribution, 
plasma protein concentration, pH), our comparison 
suggests that thiopental, propofol, and ketamine are 
relatively much more potent than etomidate and 
midazolam in directly depressing contractility at 
equivalent induction doses. 

Other in vitro studies on isolated cardiac tissues 
also demonstrate negative inotropic responses for 
etomidate (9,10), midazolam (12), propofol (13,14), 
and thiopental (9,14,25) in the dose range studied. 
One recent study indicated that etomidate can induce 
a slight positive inotropic effect (11). The mechanism 
for depression of contractility by these drugs likely 
involves attenuation of transsarcolemmal Ca** flux 
(10,13,26-28). Ketamine, however, has been reported 
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to have direct positive (7,18,29,30) as well as direct 
negative (6,8,25) inotropic effects in studies in vitro. 
Although a small but significant increase in +dLVP/ 
dtmax Was observed with 5 uM ketamine in the 
present study, we found that ketamine only de- 
pressed contractile function at concentrations of 
50 uM and higher. Differences in observations may 
stem from differences in the species or tissue prepa- 
ration used, or the temperature or Ca** concentration 
at which the studies were conducted. The small 
positive inotropic effect is suggested to result from 
increased Ca** influx (7,29) or from impaired neu- 
ronal reuptake of catecholamines (30-32); the greater 
negative inotropic effect (at concentrations greater 
than 50 uM) may result from decreased Ca** influx 
(8) or impaired sarcoplasmic reticular function (7). In 
intact animal (33) and in human studies (2), ketamine 
can indirectly cause cardiovascular stimulation be- 
cause of its stimulatory effects on the autonomic 
nervous system. Use of ketamine for induction in 
patients can also directly produce cardiovascular de- 
pression, an effect that depends on many factors, 
such as low extracellular fluid volume, autonomic 
dysfunction, or cardiovascular disease (34). 


Effects on Coronary Flow, Oxygen Consumption, 
Percent Oxygen Extraction, and the Oxygen 
Supply-to-Demand Ratio 


If coronary autoregulatory mechanisms are unaf- 
fected by a drug, a reduction in coronary flow is 
expected to occur concomitantly with a reduction of 
oxygen demand owing to depression of heart rate 
and cardiac mechanical function. Ketamine and thio- 
pental decreased both coronary flow and oxygen 
extraction appropriately at the lower concentrations 
so that the oxygen supply-to-demand ratio was un- 
changed. Thus autoregulation was little affected by 
these drugs. Increasing concentrations of midazolam 
and etomidate, and especially propofol, increased 
coronary flow, although they each decreased contrac- 
tile function and oxygen consumption to a similar, 
degree. This indicates that these drugs attenuate 
autoregulation at increasing concentrations as dem- 
onstrated by the increased ratio of oxygen supply to 
demand. Because propofol concentrations of 100 uM 
and higher increased coronary flow as much as did a 
maximally vasodilating dose of adenosine, so that 
coronary reserve was depleted, autoregulation of 
coronary flow was totally inhibited. 

A comparison of coronary flow responses to each 
drug with the respective adenosine responses (Table 
2, Figure 4) indicates that as much as 1000 uM 
midazolam and etomidate, but as little as 70 uM 
propofol, produce an increase in coronary flow equiv- 
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alent to a 50% increase in flow with adenosine. Using 
published values for plasma concentrations during 
induction of anesthesia with these drugs (4,19-24), 
our data suggests that the multiple of peak plasma 
concentration in vivo that would increase coronary 
flow half-maximally is 500 times for midazolam, 333 
times for etomidate, but only 1.4 times for propofol. 
(Thiopental and ketamine did not increase flow at 
any concentration.) Propofol, therefore, may cause 
substantial coronary vasodilation when used as an 
anesthetic induction agent. 

There are few other in vitro reports on effects of 
these drugs on coronary vascular tone. It was re- 
ported in a recent preliminary study that 100 uM 
propofol increased coronary flow in isolated rabbit 
hearts without a concomitant decrease in contractility 
(35). In isolated portal vein precontracted with KCI, 
as little as 1 uM propofol (36) and 10 uM ketamine 
(37) have been shown to reduce vascular tone. 

Myocardial oxygen extraction and blood flow have 
been examined in a few human studies during intra- 
venous administration of several anesthetic induction 
agents. Such studies are useful to determine the 
overall effects on oxygen supply relative to oxygen 
demand and the extent to which these drugs may 
alter autoregulation of coronary blood flow. Mainte- 
nance infusion of propofol in patients with coronary 
artery disease was found to decrease myocardial 
blood flow 26% and oxygen consumption 31% as 
cardiac index decreased (38). Induction of anesthesia 
with midazolam in patients with coronary artery 
disease was found to decrease coronary sinus blood 
flow slightly less than myocardial oxygen consump- 
tion with a decrease in oxygen extraction (39). Induc- 
tion of anesthesia with propofol or etomidate in 
elderly patients was associated with greater reduc- 
tions of myocardial oxygen consumption than of 
coronary blood flow (40). These studies indicate that 
although coronary flow did not increase, there was a 
relative overperfusion of the myocardium based on 
reduced metabolic demand, which suggests a direct 
vasodilating effect of these drugs. In patients with 
chronic ischemic heart disease, induction of anesthe- 
sia with thiopental did not change oxygen extraction 
in association with equivalent decreases in coronary 
flow and oxygen consumption (41); this suggests that 
thiopental has no effect on coronary vasculature. 
Coronary perfusion pressure also decreased in all of 
these studies because of decreased mean systemic 
pressure. Moreover, changes in heart rate, autonomic 
tone, and cardiac venous filling may complicate or 
obscure the relationship of cardiac function and me- 
tabolism with coronary flow. Our in vitro results 
suggest studies are needed to examine if propofol has 
potential for causing coronary steal in susceptible 
patients with coronary artery disease. 
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A limitation of our use of the isolated heart prep- 
aration is that it is not an entirely suitable model with 
which to project clinical impressions. However, we 
have attempted to determine if the range of concen- 
trations used in this study that have cardiac effects is 
reached during induction of anesthesia with these 
intravenous drugs. It appears likely that the depres- 
sion of contractility that we have observed in vitro for 
several of the concentrations of ketamine, propofol, 
and thiopental also occurs in vivo during induction of 
anesthesia. A particularly interesting observation was 
that propofol produces a degree of coronary vasodi- 
lation not commensurate with the reduction in car- 
diac work. Although the concentration of these drugs 
that depressed contractile function 50% ranged only 
over fourfold, propofol clearly had the greatest effect 
in increasing coronary flow over this range. This 
increase in coronary flow may be significant on 
induction of anesthesia and harmful to a patient with 
coronary artery disease. If peripheral venodilation 
and vasodilation are also major effects of propofol, 
hypotension with reduced coronary perfusion pres- 
sure might outweigh the improvement in oxygen 
supply relative to oxygen demand afforded by propo- 
fol. Clearly, studies on the relative peripheral vascu- 
lar effects of these induction agents would be helpful 
to better understand their overall cardiovascular ef- 
fects. 


aÁ 
We especially thank Doug P. Peller, laboratory technologist, for his 
excellent technical skills in undertaking these experiments, and 
Edith Sulzer and Miriam Mick for secretarial assistance. 
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Subanesthetic Halothane Is Hepatotoxic in the Guinea Pig 


Richard C. Lind, Ms, A. Jay Gandolfi, PhD, and Pauline de la M. Hall, MBBS, FRCPA 
Department of Anesthesiology, University of Arizona, Tucson, Arizona, and Department of Pathology, Flinders Medical 


Centre, Bedford Park, South Australia 


Subanesthetic concentrations of halothane were ex- 
amined for their hepatotoxic potential in the guinea 
pig. Outbred male, Hartley guinea pigs (600-700 g) 
were exposed to either 1.0%, 0.25%, or 0.10% (vol/ 
vol) halothane, 40% O., for 4 h. Plasma isocitrate 
dehydrogenase (ICDH) activity was compared to 
plasma alanine aminotransferase (ALT) for sensitivity 
as an indicator of hepatic injury. As previously seen, 
exposure to the anesthetic concentration of 1.0% 
halothane produced limited to confluent centrilobular 
necrosis in 50% (4/8) of the guinea pigs. The subanes- 
thetic concentrations of 0.25% and 0.1% halothane 
were also hepatotoxic. After exposure to 0.25%, con- 
fluent centrilobular necrosis developed in 2 of 8 
animals, whereas 0.10% halothane produced limited 
centrilobular necrosis in 3 of 8. Plasma ICDH activity 
was a more sensitive indicator of halothane-induced 


mals was first demonstrated in the guinea pig 

by Hughes and Lang in 1972 (1). Unfortu- 
nately, the short 1-h exposures and subsequent sam- 
pling times led to equivocal results. Immediately after 
halothane exposure and 1 wk later there were no 
increases in serum enzyme activities. Only small foci 
of necrosis developed in the livers of a few of the 
animals. Subsequently, it was found that hepatic 
injury consistently developed in the rat after halo- 
thane exposure but only after pretreatment with 
agents that enhanced halothane biotransformation, 
often in combination with low inspired oxygen con- 
centrations (2). With naive rats, only chronic expo- 
sure to halothane over several weeks at subanesthetic 
concentrations (15-300 ppm) produced significant 
hepatotoxicity; in these studies, the incidence of 
toxicity appeared to follow a dose-response relation- 
ship (3-5). 


l The hepatotoxic potential of halothane in ani- 
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hepatic injury than ALT. Mean plasma ALT activity 
increased significantly after 1.0% halothane exposure 
only. However, ICDH activity was significantly in- 
creased after exposure to all three concentrations of 
halothane. Comparison of peak plasma enzyme ac- 
tivities demonstrated significantly larger increases in 
ICDH than in ALT when centrilobular necrosis was 
present. Use of subanesthetic concentrations of 
halothane should help overcome the many transient 
effects that high concentrations of halothane have on 
whole liver and hepatocyte functions. By being able 
to isolate and titrate the bioactivation of halothane, 
the mechanisms through which halothane biotrans- 
formation produces acute hepatotoxicity should be 
more easily elucidated. 

(Anesth Analg 1992;74:559-63) 


Owing in part to the extraordinary conditions 
necessary to make the rat responsive to halothane, 
many investigators returned to the guinea pig. By 
lengthening the time of anesthesia with 1.0% (vol/ 
vol) halothane to 4 h, consistent centrilobular necro- 
sis was produced that was unaffected by a wide range 
of inspired oxygen concentrations (14%-80% O,) (6). 
However, strain, gender, age, and heredity all influ- 
ence susceptibility to necrosis (7-9). The mechanism 
of injury appears to be related to covalent binding to 
hepatic proteins by reactive intermediates produced 
during the oxidative biotransformation of halothane 
(10). However, exposure to halothane at concentra- 
tions of 1.0 MAC or greater has many short-lived 
effects on liver function such as decreased hepatic 
blood flow, protein synthesis, and mitochondrial 
energy production (11-13). The effects impede eval- 
uation of halothane biotransformation as a mecha- 
nism of toxicity. Using much lower concentrations of 
halothane during exposure should help to better 
isolate the effect of reactive halothane biotransforma- 
tion intermediates on hepatocyte function. Only one 
prior study has utilized exposure of guinea pigs to 
subanesthetic concentrations of halothane (5). In that 
study, continuous exposure to 50- and 150-ppm 
halothane for 35 days and 300-ppm halothane for 8 
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days produced degenerative hepatic lesions in nearly 
all of the animals, indicating a chemotoxic mecha- 
nism was involved. We thus undertook to evaluate 
the hepatotoxic potential of subanesthetic halothane 
concentrations (0.25% and 0.10%) with the often- 
used 4-h exposure period (6-10) and compare them to 
the known hepatotoxic concentration of 1.0% 
halothane. 

With the use of subanesthetic halothane concen- 
trations, the degree of liver injury may be expected to 
be less than in past studies. Plasma and serum 
alanine aminotransferase (ALT) activities have previ- 
ously been relied upon as an indicator of hepatic 
injury (6-10). However, the activity of this enzyme in 
the liver is twice as much in the periportal regions as 
in centrilobular areas where the halothane lesion 
occurs (14). To enhance sensitivity for detecting cen- 
triobular necrosis, isocitrate dehydrogenase (ICDH), 
which has greater centrilobular than periportal activ- 
ity (15), was also measured in the plasma samples. 


Methads 
Animals 


Male outbred Hartley guinea pigs from Sasco, Inc. 
(Omaha, Neb.) were housed in stainless steel cages, 
kept on a 12-h light/dark cycle, and fed food and 
water ad libitum. All treatments made were in accor- 
dance with a protocol approved by the University of 
Arizona Animal Care Committee. 


Exposure Conditions 


Halothane (Halocarbon Laboratories, North Augusta, 
S.C.) exposures were carried out in a 180-L plexiglass 
exposure chamber equipped with a circulating fan. 
During the 4-h exposure periods to 1% or, 0.25% 
(vol/vol) halothane, the flow rate was maintained at 
6 L/min with 40% O, (balance N»). For the 0.10% 
exposure, total flow was increased to 8 L/min to 
obtain consistent delivery of 0.10% halothane by the 
vaporizer. Halothane and oxygen concentrations 
were monitored at regular intervals by gas chroma- 
tography and a polarographic oxygen electrode, re- 
spectively (16). With 1% halothane (anesthetic con- 
centration), body temperatures were maintained at 
near normothermia by warming with two 20-W heat- 
ers attached to the underside of a raised metal plate 
that served as the floor of the chamber (16). Body 
temperatures were monitored by rectal probes at- 
tached to a telethermometer and did not decrease by 
more that 1°C (16). With subanesthetic concentrations 
of halothane (0.25% and 0.10%), the animals re- 
mained awake and active in the exposure chamber, 
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and thus body temperatures were not monitored nor 
were the warming heaters used. 


Sample Collection and Analysts 


Multiple blood samples were obtained from each 
guinea pig by toenail bleedings while the animals 
were held in Rodent Restraint Cones (Harvard Ap- 
paratus, South Natick, Mass.). To minimize effects on 
blood volume, only 1-2 mL of blood were removed at 
0 h and 0.3-0.5 mL at other sampling times. Animals 
were killed with lethal doses of intraperitoneal pen- 
tobarbital. Cardiac blood was drawn and liver tissue 
sections were fixed in buffered formalin. 

Plasma ALT and ICDH activities were measured 
spectrophotometrically (Procedures 59-UV and 153- 
UV, respectively; Sigma Chemical Company, St. 
Louis, Mo.). 

A single slice of formalin-fixed hepatic tissue was 
randomly selected, processed, and stained with 
hematoxylin and eosin. Slides were coded before 
submission to the pathologist for light microscopic 
evaluation. Liver injury was graded as follows: “‘non- 
responding,” normal histologic appearance; “mild,” 
occasional to multiple foci of single to several necrotic 
hepatocytes scattered throughout the liver lobules; 
“moderate,” areas of necrotic hepatocytes confined 
to the centrilobular region; “severe,” confluent necro- 
sis of the entire centrilobular region. 


Experimental Protocol 


There were three exposure groups (n = 8 in each). 
The first group received 1.0% (vol/vol) halothane over 
the 4-h exposure period, the second group received 
0.25% halothane, and a third group received 0.10%. 
Plasma ALT and ICDH activities were measured 
immediately after halothane exposure (0 h) and at 24, 
48, 72, and 96 h after. The animals were killed at 96 h, 
and liver tissue was collected for subsequent histo- 
pathologic evaluation. A group of untreated control 
guinea pigs (n = 8) were killed, and blood and liver 
tissue samples were taken to provide baseline plasma 
ALT and ICDH activities and normal hepatic tissue 
for comparison. 


Statistical Analysis 


All values are mean + sEM. Comparison of ALT and 
ICDH time-course values was made using analysis of 
variance with a Newman-Keuls multiple comparison 
test. Because or increasing standard errors with in- 
creasing means, a log transformation of ALT and 
ICDH values was carried out before analysis (17). 
Comparison of grades of hepatic injury and increases 
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0 24 48 72 96 
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Figure 1. Plasma ICDH activities in guinea pigs after exposure to 
different concentrations of halothane. Halothane was administered 
for 4 h in 40% OQ . Symbols on graph are offset slightly for clarity. 
All values are mean + SEM, n = 8. *P < 0.05 vs untreated control 
values (37 + 1 U/L, n = 8). 


in ALT and ICDH by histologic classification were by 
analysis of variance. Student's t-test for paired sam- 
ples was used to compare increases in ALT with 
increases in ICDH. A P < 0.05 was considered 


significant. 


Results 


Subanesthetic halothane concentrations of 0.25% and 
0.10% were hepatotoxic in guinea pigs. Both plasma 
ICDH activities and incidences of hepatic necrosis 
were significantly greater than control values after 
exposure to each concentration of halothane (Figures 
1 and 2). However, increases in plasma ALT and 
ICDH activities and the incidence and severity of 
hepatic necrosis were not significantly different be- 
tween the three concentrations of halothane (Figures 
1-3). 

Plasma ICDH proved to be a more sensitive indi- 
cator of halothane-associated hepatic damage than 
ALT. Isocitrate dehydrogenase was significantly in- 
creased with all three concentrations of halothane 
(Figure 1), whereas increases in ALT activity were 
significant only after 1.0% halothane exposure (Fig- 
ure 3). Both ICDH and ALT activity correlated well 
with lesion severity (Figure 4). In animals with mod- 
erate and severe liver injury, increases in ICDH were 
significantly greater than increases in ALT. 

Both ALT and ICDH activities were increased even 
when there was no histologic evidence of necrosis. 
Animals classified as having no necrosis, i.e., normal 
(n = 6), after halothane exposure had mean maximal 
activities for both enzymes that were significantly 
greater than those of control animals (Figure 4). Thus 
both indicators were sensitive enough to detect leak- 
age of enzymes from damaged hepatocytes that ap- 
parently were able to recover and not undergo sub- 
sequent necrosis. 
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Figure 2. Effect of different concentrations of halothane on the 
severity of liver injury in guinea pigs. Halothane (0.1%, 0.25%, or 
1.0%) was administered for 4 h in 40% O. Normal, no liver 
necrosis; mild, scattered foci of necrosis; moderate, limited centri- 
lobular necrosis; severe, confluent centrilobular necrosis. All 
groups P < 0.05 vs untreated control group (88 normal). There are 
no significant differences in severity of injury between the three 
halothane concentrations. 


Severe 
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Figure 3. Plasma ALT activities in guinea pigs after exposure to 
different concentrations of halothane. Halothane was administered 
for 4 h in 40% O,. Symbols on graph are offset slightly for clarity. 
All values are mean + SEM, n = 8. *P < 0.05 vs untreated control 
values (18 + 2 U/L, n = 8). 


Discussion 


Four-hour exposures to subanesthetic concentrations 
of halothane were hepatotoxic in the guinea pig as 
evidenced by significant increases in plasma [CDH 
activities above control values and the development 
of hepatic necrosis. Even at the lowest concentration 
of halothane (0.10%), 3 of 8 animals developed lim- 
ited centrilobular necrosis (moderate injury). Although 
there appears to be a trend toward a dose-response 
relationship between halothane concentrations and 
the degree of injury (Figures 1-3), wide variability in 
the response of the animals did not allow a clear 
demonstration of statistical significance. All prior 
studies with subanesthetic halothane used chronic 
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Figure 4. Correlation between severity of liver injury and increases 
in plasma enzyme activities in guinea pigs exposed to halothane. 
Halothane (0.10%, 0.25%, or 1.0%) was administered for 4 h in 40% 
O. “Fold increase over control” is maximal plasma enzyme 
activity obtained from each animal divided by the appropriate 
mean control value. Normal, no liver necrosis (n = 6); mild, 
scattered foci of necrosis {n = 9); moderate, limited centrilobular 
necrosis (n = 4); severe, confluent centrilobular necrosis (n = 5). 
Values are mean + sem. *P < 0.05 vs respective untreated control 
values (ALT = 18 + 2 U/L, ICDH = 37 + 1 U/L, n = 8). *P < 0.05 
vs contro] values. and increases in ALT activity in groups with a 
lesser severity of injury. ***P < 0.05 vs control values and increases 
in ICDH activity in groups classified as normal or mild and 
increases in ALT activity in group with same histologic classifica- 
tion. 


Severe 


(1-12 wk) exposure to very low (15-300 ppm) concen- 
trations (3-5,18). With rats, a dose-response relation- 
ship was observed in the incidence of degenerative 
changes within their livers (3-5,18). The sole study 
that included guinea pigs demonstrated that they 
were more susceptible to injury than rats (5). How- 
ever, the guinea pigs exhibited an “all or nothing” 
threshold of toxicity rather than a dose-response 
relationship. The most recent of these chronic expo- 
sure investigations demonstrated the importance of 
halothane biotransformation as a factor for lesion 
development in the rat (18). In the guinea pig, we 
have recently shown that hepatotoxicity resulting 
from exposure to 1% halothane appears to be due to 
covalent binding to hepatic proteins by reactive tri- 
fluoroacetyl intermediates generated during the oxi- 
dative biotransformation of halothane (10). Thus, the 
same mechanism of injury should be involved with 
the subanesthetic halothane concentrations used in 
this study. 

Anesthesia with 0.95% halothane (~1 MAC) de- 
creases total hepatic blood flow and oxygenation in 
guinea pigs by 57% and 65%, respectively, raising the 
possibility that hepatic oxygen deprivation may be a 
mechanism of injury (11). Several studies in dogs 
have demonstrated an inverse relationship between 
the MAC of halothane and liver blood flow (19,20). 
With an increase in MAC, a concomitant decrease in 
liver blood flow was observed. Although dose-related 
studies have not been performed in guinea pigs, 
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lower inspired concentrations of halothane should 
subsequently lead to lesser effects on liver blood flow 
and oxygenation. With the low concentrations of 
0.10% and 0.25% halothane, these effects as well as 
other physiologic effects of anesthesia should have 
been greatly reduced as potential factors in resultant 
hepatotoxicity. 

Plasma ICDH activity proved to be a good indica- 
tor of liver injury and to be more sensitive than ALT; 
thus for studies utilizing subanesthetic concentra- 
tions of halothane, ICDH would appear to be the 
indicator of choice. Unlike ALT, guinea pig liver has 
the highest specific content of [CDH (activity per 
gram tissue) (21); and although disputed (22), ICDH 
activity appears to be greater in the centrilobular 
region than in the periportal area (15). These differ- 
ences are evident in that ICDH activity significantly 
increased after exposure to all three concentrations of 
halothane, whereas increases in ALT were only sig- 
nificant with 1.0% halothane (Figures 1 and 3). In 
animals that were classified as having moderate to 
severe hepatic injury, ICDH increased above control 
to a significantly greater extent than did ALT (Figure 
4). Isocitrate dehydrogenase also appears to be a 
good indicator of injured hepatocytes that apparently 
recovered rather than progressed to cell death, as a 
significant sixfold increase in mean ICDH occurred in 
the animals in which necrosis did not develop (nor- 
mal) after halothane exposure. Animals in which only 
scattered foci of necrosis developed (mild injury) 
demonstrated a 14-fold increase in ICDH activity. 

A more accurate evaluation of hepatic injury at a 
particular time point can be provided by ICDH than 
by ALT activity. In making comparisons of enzyme 
activity versus grade of liver injury, maximal values 
obtained over the 96-h time-course were used. This 
was done owing to the extreme differences in plasma 
half-life between ALT (48 h) and ICDH (1 h) (23). 
Because of its long half-life, ALT accumulates in the 
blood and provides an indication of past injury, but 
these values could prove erroneously high after ne- 
crosis has abated. On the other hand, the short 
half-life of ICDH yields a better immediate picture of 
current hepatic status, but its mercuric rise and fall 
may be missed. Even with the constraint of a very 
short plasma half-life combined with a long period of 
time (24 h) between sampling times, ICDH showed a 
good correlation between increases in plasma activity 
and the degree of hepatic necrosis. Thus, for ease of 
usage, organ and zonal specificity, and sensitivity for 
injury, ICDH appears to be a superior indicator of 
halothane-associated hepatotoxicity in the guinea 
pig. 

By using subanesthetic concentrations of halo- 
thane in future studies, it should be possible to obtain 
a more accurate assessment of the sequence of events 
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that result in acute hepatic necrosis after halothane 
anesthesia. The use of high concentrations of 
halothane produces numerous transient effects on 
whole liver and hepatocyte functions (11-13), making 
it difficult to isolate effects due to the biotranstorma- 
tion of halothane to reactive intermediates which 
appears to be the initial toxic event (10). Hopefully, 
by being able to isolate and titrate the bioactivation of 
halothane, we will be able to discern critical cellular 
processes that are targets for the reactive intermedi- 
ates and whose alteration ultimately leads to cell 
death. 


We thank Patricia M. McNally, Bs, for technical assistance; John 
Gaines, PhD, for performing the statistical analysis on comparison 
of the grades of hepatic injury and increases in ALT and ICDH by 
histologic classification; and Patricia Kime for helping prepare the 
manuscript. 


References 


1. Hughes HC, Lang CM. Hepatic necrosis produced by repeated 
administration of halothane to guinea pigs. Anesthesiology 
1972;36:466-71. 

. Farrell GC. Mechanism of halothane-induced liver injury: is it 
immune or metabolic idiosyncrasy? J Gastroenterol Hepatol 
1988;3:465-82. 

3. Plummer JL, Hall P de la M, Jenner MA, Ilsley AH, Cousins 
MJ. Effects of chronic inhalation of halothane, enflurane or 
isoflurane in rats. Br J Anaesth 1986;58:517-23. 

4. Plummer JL, Hall P de la M, Cousins MJ, Bastin FN, Ilsley AH. 
Hepatic injury in rats due to prolonged sub-anaesthetic 
halothane exposure. Acta Pharmacol Toxicol 1983;53:16-22. 

5. Stevens WC, Eger EI, White A, et al. Comparative toxicities of 
halothane, isoflurane and diethyl ether at subanesthetic con- 
centrations in laboratory animals. Anesthesiology 1975;42:408— 
19. 

6. Lunam CA, Cousins MJ, Hall P de la M. Guinea-pig model of 
halothane-associated hepatotoxicity in the absence of enzyme 
induction and hypoxia. J Pharmacol Exp Ther 1985;232:802-9. 

7. Lind RC, Gandolfi AJ, Brown BR, Hall P de la M. Halothane 
hepatotoxicity in guinea pigs. Anesth Analg 1987;66:222-8. 


M 


10. 


We 


Ze, 


no 


LIND ET AL. 563 
SUBANESTHETIC HALOTHANE AND HEPATOTOXICITY 


. Lind RC, Gandolfi AJ, Hall P de la M. Age and gender 


influence halothane-associated hepatotoxicity in strain 13 
guinea pigs. Anesthesiology 1989;71:878-84. 


. Lunam CA, Cousins MJ, Hall P de la M. Genetic predisposition 


to liver damage after halothane anesthesia in guinea pigs. 
Anesth Analg 1986;65:1143-8. 

Lind RC, Gandolfi AJ, Hall P de la M. Covalent binding of 
oxidative biotransformation intermediates is associated with 
halothane hepatotoxicity in guinea pigs. Anesthesiology 1990; 
73:1208-13. 

Hursh D, Gelman S, Bradley EL. Hepatic oxygen supply 
during halothane or isoflurane anesthesia in guinea pigs. 
Anesthesiology 1987;67:701-6. 

Kruskal JB, Franks JJ, Kirsch RE. Amino acids fail to prevent 
halothane depression of albumin synthesis: studies in the 
isolated perfused rat liver. Anesth Analg 1991;72:101-44. 


. Tsuchiya M, Takahashi M, Tomoda M, Ueda W, Hirakawa M. 


Halothane impairs the bioenergetic functions of isolated rat 
liver mitochondria. Toxicol Appl Pharmacol 1990;104:466-75. 


. Gorgens HW, Hildebrand R, Haubitz I. Distribution pattern of 


alanine aminotransferase activity in rat liver. Histochemistry 
1988;88:383-6. 


. Hildebrand R. Nuclear volume and cellular metabolism. Adv 


Anat Embryol Cell Biol 1980;60:1—54. 


. Lind RC, Gandolfi AJ, Hall P de la M. The role of oxidative 


biotransformation of halothane in the guinea pig model of 
halothane-associated hepatotoxicity. Anesthesiology 1989;70: 
649-53. 


. Myers JL. Fundamentals of experimental design. 2nd ed. 


Boston: Allyn and Bacon, 1976:77-8. 


. Plummer JL, Hall P de la M, Jenner MA, Cmielewski PL, Ilsley 


AH, Cousins MJ. Effects of treatment with phenobarbitone or 
isoniazid on hepatotoxicity due to prolonged subanaesthetic 
halothane inhalation. Pharmacol Toxicol 1988;62:74-9. 


. Gelman S, Fowler KC, Smith LR. Liver circulation and function 


during isoflurane and halothane anesthesia. Anesthesiology 
1984;61:726-30. 


. Hughes RL, Campbell D, Fitch W. Effects of enflurane and 


halothane on liver blood flow and oxygen consumption in the 
greyhound. Br J Anaesth 1980;52:1079-86. 


. Clampitt RB, Hart RJ. The tissue activities of some diagnostic 


enzymes in ten mammalian species. J Comp Pathol 1978;88: 
607-21. 

Wack S, Haubitz I. The distribution pattern of NADP*- 
dependent isocitrate dehydrogenase in rat liver. Cell Mol Biol 
1989;35:305-12. 

Keil E. Determination of enzyme activities in serum for the 
detection of xenobiotic effects on the liver. Exp Pathol 1990;39: 
157-64. 


Effects of Halothane on Electrophysiologic Properties and 
Cyclic Adenosine 3’,5'-Monophosphate Content in Isolated 


Guinea Pig Hearts 
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Departments of Anesthesiology and Pharmacology, Toyama Medical and Pharmaceutical University School of Medicine, 


Toyama, Japan 


We studied the effects of halothane on the electro- 
physiologic and biochemical properties of both 
Langendorff perfused hearts and single ventricular 
myocytes isolated from guinea pigs. Isometric con- 
tractions of left ventricles in so ea hearts, elicited 
by atrial pacing, decreased to 14% of control after 
exposure to 2% halothane-equilibrated perfusate. 
Subsequently the slow inward Ca** current (Ica) was 
recorded in isolated myocytes with a whole cell 
voltage clamp technique. Ica, recorded in response to 
100-ms depolarizations from —40 mV to 0 mV, was 
decreased by 2% halothane to 28.4% of control. 
Halothane-induced I., depression did not exhibit use 
dependency. To define a possible site at which 
halothane acts, we measured the cyclic adenosine 


linical concentrations of halothane are known 
depressants of cardiac contractility. Previous 
studies have suggested that this is in part 
related to decreased Caf* influx through Ca** chan- 
nels. Lynch et al. (1) observed halothane depression 
of the slow action potentials in guinea pig papillary 
muscles and suggested that halothane decreases the 
slow inward Ca** current (Ica). Ikemoto et al. (2), 
Hirota et al. (3,4), and Bosnjak et al. (5) measured Ica 
under voltage clamp conditions using isolated single 
myocytes, and these studies showed that halothane 
can depress Ica. However, the mechanism of Ic, 
blockade by halothane has remained uncertain. 
Although previous studies indicated that cyclic 
adenosine 3’,5'-monophosphate (cAMP) modulates 
contractile force and Ca** entry via Ica in myocar- 
dium (6), no data were available regarding the effects 
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3',5'-monophosphate (cAMP) content of single ven- 
tricular myocytes using a radioimmunoassay. Two 
percent halothane decreased myocardial cAMP con- 
tent to 68.9% of control. Further addition of dibutyryl 
cAMP (107°? mol/L) partially reversed the depressed 
contractility during 2% halothane administration in 
perfused hearts. In conclusion, the present study 
demonstrated that the decrease of myocardial cAMP 
by halothane was due to a direct action, at least 
partly, and not to other factors such as catechol- 
amines, and suggested that the decreases in contrac- 
tility and Ica were induced possibly through the 
decrease in cellular cAMP. 

(Anesth Analg 1992;74:564-9) 


of halothane on cAMP content in conjunction with 
electrophysiologic properties. In the present study, 
we first measured cAMP content in the absence or 
presence of halothane using isolated single myocytes 
without interference due to autonomic transmitter 
release. At the same time we examined effects of 
halothane on Ica in the single myocytes and com- 
pared the inhibitory action of halothane on lca with 
that on cAMP content. 

These experiments were carried out to study the 
actions of halothane on contractility, Iça; and cAMP 
content in isolated guinea pig hearts, and to provide 
further information concerning the mechanism(s) by 
which halothane diminishes contractility. 


Methods 
Solutions 


All solutions were made with glass-distilled water 
and were kept saturated with a 95% O,-5% CO, gas 
mixture. The solutions were: 


1. Tyrode’s solution (mmol/L): NaCl 136.9, NaHCO, 
11.9, KCI 5.4, CaCl, 1.8, MgCl, 0.53, Na,HPO, 
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0.33, glucose 5.5, HEPES (N-2-hydroxyethylpiper- 
azine-N’-2-ethanesulfonic acid) 5.0 (pH was ad- 
justed to 7.4 with NaOH). . 

2. High K* solution: taurine 10.0, oxalic acid 10.0, 
glutamic acid 70.0, KCI 25.0, KH,PO, 10.0, glucose 
11.0, HEPES 10.0, EGTA (ethyleneglycol-bis-[B- 
aminoethyl ether]-N,N,N’,N’-tetraacetic acid) 0.5 
(pH was adjusted to 7.2 with KOH). 

3. The internal solution (for the glass microelec- 
trodes): K gluconate 130, KCI 20, ATP (adenosine 
triphosphate) 2, HEPES 5, EGTA 0.5 (pH was 
adjusted to 7.2 with KOH). 

The calcium-free Tyrode’s solution was identical to 

the Tyrode’s solution except that CaCl, was omitted. 


Cell Isolation 


Our technique for isolation of ventricular myocytes 
from guinea pig heart is a modification of the method 
previously described by Matsuda et al. (7). After 
approval had been obtained from the Animal Inves- 
tigation Committee of Toyama Medical and Pharma- 
ceutical University, Toyama, Japan, guinea pigs of 
either sex, weighing 250-300 g, were anesthetized 
with an intraperitoneal injection of ketamine 
(50 mg/kg) before excision of the hearts. Ventricular 
myocytes were then isolated enzymatically by Lan- 
gendorff perfusion of a calcium-free Tyrode’s solution 
containing collagenase (type I; Sigma, St. Louis, 
Mo.). The isolated ventricular myocytes were stored 
in a high-K™ solution at 4°C for 1 h before use. The 
idea that the percentage of viable cells is improved by 
incubation in a high-K* solution before restoring to a 
physiological Ca?* concentration was first proposed 
by Isenberg and Klöckner (8,9). Intact single ventric- 
ular myocytes are rod-shaped in appearance, ranging 
from 10 to 18 um in width and from 90 to 140 um in 
length, and have an ordered sarcomere pattern. 
These myocytes are similar morphologically and 
physiologically to those in the intact organ (8,10). 


Electrophysiologic Technique 


Six myocytes isolated from two guinea pigs were 
used for voltage clamp experiments. A single suction 
micropipette technique was used (11,12). The resis- 
tance of the microelectrodes was 3-5 MQ when filled 
with the internal solution. The voltage clamp exper- 
iment controls the membrane potential by holding 
(clamping) it at chosen values and keeping it uniform 
within the single myocyte so that ionic currents can 
be recorded. By holding the membrane potential at 
—40 mV, it is possible to inactivate completely the 
Na* current (Ina). Ica may then be studied, as the 
threshold for activating the Ca?* conductance is 
usually about —30 mV compared with —60 mV for the 
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Na* conductance (13). We did not block the outward 
K* current in the measurement of Ic, as in ventric- 
ular myocytes the current elicited by a long (5-10 s) 
depolarizing pulse was almost the same, suggesting 
that outward current was absent or minimal. The 
temperature of perfusate in the recording chamber 
was kept at 37°C with a biowarmer (MT-1; Narishige). 

The contractile force was measured with eight 
Langendorff perfused hearts. Four preparations were 
used to examine the effects of halothane on contrac- 
tility, and afterward another four preparations were 
used to study the effects of dibutyryl cAMP (DB- 
cAMP). The hearts were removed from anesthetized 
(intraperitoneal injection of ketamine 50 mg/kg) 
guinea pigs of either sex, weighing 300-350 g, and the 
aorta was cannulated to perfuse the coronary arteries 
with Tyrode’s solution. The perfusate was kept at 
37°C and the perfusion volume was regulated inde- ` 
pendently (4 mL/min) with an infusion pump. A 
contraction was elicited by an extracellular stimulus 
(1 ms, 1 mA, 2 Hz) through stainless steel electrodes 
placed on the right atrium, and the tension in the left 
ventricle was measured isometrically. Data were 
monitored using a digital oscilloscope (COS 5020-ST; 
Kikusui, Kawasaki, Japan) and recorded continu- 
ously on a PCM data recording system (RP-880; NF 
Electronic Instruments, Yokohama, Japan). 

A mixture of 95% O, and 5% CO, was led into two 
reservoirs containing Tyrode’s solution, one of which 
served either as control (before administration of 
halothane) or as recovery (washing out of halothane). 
The gas supply to the other reservoir passed through 
a halothane vaporizer (Acoma, Tokyo, Japan), so that 
known percentages of halothane were added to the 
gas. The halothane-containing gas was bubbled 
through the solution for a minimum of 20 min before 
experimental application. The effect of DBcAMP 
was studied by addition to the Tyrode’s solution 
of an amount sufficient to make a concentration of 
107? mol/L. After control measurements, prepara- 
tions were exposed for at least 15 min to the 
halothane-equilibrated solution and/or the DBcAMP- 
containing solution, which was sufficient time to 
produce stable effects. Recovery responses were re- 
corded at least 30 min after washout of the substances 
containing solution from the chamber. After param- 
eters recovered to control levels, the preparation was 
studied under the next experimental condition. Data 
from individual preparations were analyzed only if 
complete recovery (95%—105% of control) occurred on 
washout of anesthetic and/or drug. The substances 
were applied in random sequence. 

The halothane concentrations of the perfusate in 
the recording chamber were analyzed by gas chroma- 
tography (GC-7AG; Shimazu, Kyoto, Japan). The 
halothane concentration of perfusate was found to be 
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linear (with a slope of 0.53 mmol/L per 1%) with the 
percentage of halothane read on a vaporizer setting, 
up to a level of 2%. Halsey (14) reported that the 
equilibrium concentration of 1% halothane in the 
blood phase at 37°C is 0.94 mmol/L. Thus, the con- 
centration of halothane in the present experiments 
seemed relevant. 


Determination of Cyclic Adenosine 3’ ,5'- 
Monopkosphate Content 


Isolated guinea pig ventricular cells were suspended 
in Tyrode’s solution at a concentration of 1-2 mg 
protein/mL. The protein concentration of the suspen- 
sion was estimated by the method of Lowry et al. (15) 
with bovine serum albumin as the standard. Four 
‘hundred fifty microliters of the cell suspension was 
incubated at 37°C for 15 min under an atmosphere of 
95% O5% CO, gas mixture passed through a 
halothane vaporizer. At the end of the period, 25 uL 
of 2 mol/L HCI and 25 uL of 100 mmol/L ethylenedi- 
aminetetraacetic acid were added to the cell suspen- 
sion, and the incubation tube was immersed in boil- 
ing water for 5 min to extract cAMP as described 
previously (16,17). After a brief centrifugation of the 
acidified suspension at 3000 rpm for 10 min, the 
supernatant was subjected to the radioimmunoassay 
for cAMP (YSI-7701; Yamasa, Tokyo, Japan). Experi- 
ments were performed in 22 cell suspensions isolated 
from two guinea pigs. Determinations were made in 
duplicate, and the results were expressed in pico- 
moles of cAMP per milligram of protein. 


Statistical Method 


Values were expressed as mean +sp, and compari- 
sons were made by either paired t-test (electrophys- 
iologic parameters) or non-paired t-test (CAMP con- 
tents). A probability of chance occurrence of less than 
5% (P < 0.05) was considered significant. 


Results 
Effects of Halothane on Contractility 


Isometric contractions, recorded from four Langen- 
dorff perfused hearts, were decreased significantly 
(P < 0.05 versus control) to 48.8% + 14.7% and 14.0% 
+ 5.7% of control values after 1% and 2% (0.53 and 
1.06 mmol/L) halothane administration, respectively. 
Figure 1 shows a representative recording of 
halothane effects on isometric contractions elicited by 
atrial pacing. One percent and 2% halothane pro- 
duced a dose-dependent decrease in isometric con- 
tractions, and these effects of halothane on contractile 
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Figure 1. Effects of 1% and 2% halothane on isometric contractions 
in a Langendorff perfused heart. A contraction was elicited by an 
adequate extracellular stimulus (2 Hz) and a contractile force in the 
left ventricle was recorded isometrically. Control 1: before admin- 
istration of halothane. 1.0% Halothane: after exposure for 15 min to 
1.0% halothane-equilibrated perfusate. Control 2: 30 min after 
washout of the halothane-containing solution. 2.0% Halothane: 
15 min after exposure to 2.0% halothane. Recovery: 30 min after 
washout of halothane. 
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Figure 2. A. Effects of 2% halothane on the slow inward Ca** 
current (Ica) in a single ventricular cell. Currents were recorded 
in response to 100-ms clamp pulses from a holding potential of 
—40 mV to ~-30, —20, —10, 0, and +10 mV. B. Effects of 2% 
halothane on current-voltage relations. The peak inward currents 
in response to each pulse were plotted. Closed circles: control; open 
circles: 2% halothane. Symbols represent mean + sp, n = 6, *P < 


.0.05 for difference from control. 


force appeared to be reversible on washout of the 
anesthetic. 


Effects of Halothane on the Slow Inward Ca** 
Current 


Figure 2A shows I, in the absence and the presence 
of halothane. Ica, recorded in response to 100-ms 
depolarizing pulses from a holding potential of 
—40 mV to —30, —20, —10, 0, +10 mV (five record- 
ings were superimposed), were strongly depressed 
by 2% halothane. Figure 2B shows a current-voltage 
relationship of Iç, obtained from six ventricular my- 
ocytes. The peak inward currents elicited by each 
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Table 1. Effects of Halothane on Cyclic Adenosine 3’, 
5'-Monophosphate Content in Single Ventricular Cells 


Cyclic AMP 
(pmol/mg protein) n 
Control 1.32 + 0.29 8 
1.0% Halothane 1.10 + 0.18 7 
2.0% Halothane 0.91 + 0.15" 7 
Values are as mean + sD. 


“P < 0.05, compared with control. 


clamp pulse have been plotted. In response to 100-ms 
depolarizations from —40 mV to 0 mV, the net inward 
current was 244 + 42 pA in control conditions and 
significantly decreased to 28.4% of control after ad- 
ministration of 2% halothane; the time to peak was 
10.6 + 2.0 ms in control and slightly prolonged to 


125% of control in the presence of halothane. These 


effects of halothane on Ic, were reversible. 

We have also examined whether accentuation of 
drug inhibition by repetitive membrane depolariza- 
tion (“use-dependent block”) (18) contributes to the 
observed reduction of Ica by halothane. In these 
experiments, following control measurements, depo- 
larizations were discontinued, 2% halothane was 
applied, and depolarizing test pulses were resumed 
after a 15-min quiescent period. The first measure- 
ment of Ica following the quiescent period decreased 
to the same level as Ic, recorded after a 15-min 
halothane exposure in the presence of depolarization, 
and progressive changes in Iç, were very small. 
Hence, halothane did not exhibit use-dependent in- 
hibition of lea. 


Effects of Halothane on Cyclic Adenosine 3’, 5’- 
Monophosphate Content 


The cAMP content of single ventricular cell suspen- 
sions, determined with a radioimmunoassay, was 
1.32 + 0.29 pmol/mg protein in the absence of 
halothane. Halothane produced a dose-dependent 
decrease in cAMP content. In cells exposed to 1% and 
2% halothane, cAMP content decreased to 83.3% and 
68.9% of control, respectively (Table 1). 


Effects of Dibutyryl Cyclic Adenosine 3’, 5'- 
Monophosphate on the Halothane-Induced 
Depression of Contractility 


We also studied the effects of a derivative of cAMP, 
such as N$, 2'-O-DBcAMP, on the decreased contrac- 
tile force during halothane administration using four 
Langendorff perfused hearts. As shown in Figure 3, 
after reaching a steady state depression of contraction 
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Control 


Figure 3. Effects of 2% halothane and dibutyryl cAMP (DBcAMP) 
(107? mol/L) on isometric contractions elicited by atrial pacing 
(2 Hz) in a perfused heart. Control: before administration of 
halothane. 2% Halothane: after reaching steady-state depression of 
contraction by 2% halothane. 2% Halothane + DBcAMP: dibutyryl 
cAMP (107? mol/L) administration in the presence of 2% 
halothane. Recovery: after washout of halothane and DBcAMP. ` 
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Figure 4. Relation of isometric contraction and halothane (0%, 1%, 


and 2%) in the absence (closed circle) or presence (open circle) of 
10°? mol/L dibutyryl cAMP (DBcAMP). Each symbol represents 
the percentage of control (no anesthetic, no drug), mean + sp, n = 
4. *P < 0.05, compared with 1% halothane alone. **P < 0.05, 
compared with 2% halothane alone. 


by 2% halothane, DBcAMP (107° mol/L) containing 
solution was perfused in the presence of 2% 
halothane. DBcAMP partially reversed the halothane- 
induced depression. Figure 4 shows dose-response 
curves of isometric contraction and halothane (0%, 
1%, and 2%) before and during perfusion with DB- 
cAMP (107° mol/L). DBcAMP caused a marked shift 
of the dose-response curve upward in the presence of 
both 1% and 2% halothane. Note that DBcAMP had 
no significant effect in the absence of halothane. 
These effects were recovered completely on washout 
of the substances. 


Discussion 


The present study attempted to provide new infor- 
mation concerning actions of halothane on the Ca** 
channel using both electrophysiologic and biochemi- 
cal techniques. First, we studied the effects of 
halothane on contractility in Langendorff perfused 
hearts. Our results showed that isometric contrac- 
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tions of left ventricles are strongly decreased by 
halothane (1%-2%). 

Subsequently, we examined actions of halothane 
on lca in single ventricular myocytes obtained using 
an enzymatic dispersion procedure. The single cell 
preparations have the advantages that (a) ionic cur- 
rents can directly be measured by a whole cell voltage 
clamp technique and (b) the effects of hypoxia can be 
excluded by adequate oxygenation of perfusate. We 
confirmed that halothane can depress Ica under volt- 
age clamp conditions. As Ca** influx via the Ca** 
channel is in part responsible for the Ca** that 
activates contractile activity (19), the depression of 
contractile force by halothane may be partly due to 
the decrease of Ica. However, halothane has inhibi- 
tory effects on the function of the sarcoplasmic retic- 
ulum (SR) and secondarily decreases the amount of 
Ca** available for internal release by SR (20). 
Halothane inhibits the Ca** sequestration owing to a 
decrease in Ca** uptake by SR (21) and an increase in 
Ca** efflux via Ca** channels of SR (22). In addition, 
halothane directly decreases Ca** sensitivity and 
maximal developed force of cardiac contractile pro- 
teins (23,24). Therefore, halothane-induced myocar- 
dial depression could at least be caused by the direct 
effects of halothane to inhibit Ica, SR, and the con- 
tractile protein. 

Our results also demonstrated that halothane re- 
vealed no sign of use-dependent inhibition of Iça. For 
development of the use-dependent inhibition, drug 
blockade of open (activated) channels through the 
hydrophilic phase has been suggested (25). Halo- 
thane is a hydrophobic and lipid-soluble substance 
that may reach the blocking site of Ca** channels 
from the lipid region of the membrane. 

In the present study halothane directly decreased 
cAMP content of isolated single myocytes. Although 
halothane was applied in the absence of membrane 
depolarizations in the cAMP measurement proce- 
dure, our results indicate that use dependency does 
not contribute to the halothane depression of Ica- 
Hence, the results obtained using the present proto- 
col are relevant. Ca?* channels are opened by depo- 
larization of the cell membrane positive to a threshold 
voltage (activation of the voltage-dependent gate). The 
gating process of the Ca** channels is also modulated 
by intracellular cAMP, which promotes phosphory- 
lation of a protein at the inner surface of the mem- 
brane (activation of the phosphorylation-dependent gate) 
(6,26). Single channel current studies under patch 
clamp conditions revealed that phosphorylation of 
the Ca** channel is closely related to the rate of 
nonblank sweeps (availability) (27). The present re- 
sults raise the possibility that the decrease of Ica by 
halothane is in part due to the inactivation of the 
cAMP-induced phosphorylation of Ca** channels, 
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following the decrease of cAMP content. However, 
cAMP content decreased with 2% halothane to 68.9% 
of control values, whereas Ica decreased to 28.4%; 
and reduction of channel phosphorylation by cAMP- 
dependent protein kinase has been reported to de- 
press the basal Ica only to about 80% (28). This 
suggests that additional mechanisms, not involving 
the phosphorylation-dependent gate, are involved in 
the depression of Ica by halothane. Halothane de- 
pression of cellular cAMP might inhibit phosphory- 
lation of phospholamban in the SR membrane (Ca** 
sequestration by SR) (29) and phosphorylation of the 
inhibitory subunit of troponin (30) as well as phos- 
phorylation of the Ca** channel in sarcolemma. 

A previous study in vivo (31) has shown that 
myocardial cAMP content decreases in mice after 
halothane inhalation and suggested that an inhibition 
of the stimulatory action of catecholamines is respon- 
sible for the decrease in cAMP content. However, in 
the present study we used isolated single myocytes in 
which direct actions on myocardium can be studied 
in the absence of interference owing to autonomic 
transmitter release. Hence in our study, halothane 
has direct actions on myocardium and can still de- 
crease cAMP content. 

Additionally, to test the involvement of cAMP in 
the negative inotropic action of halothane, we used 
an acyl-substituted derivative of cAMP (DBcAMP) 
with the idea that the lipophilic side chains would 
facilitate movement across the cell membrane (32). At 
control conditions, DBcAMP (107° mol/L) did not 
affect the contraction (Figure 4), as in guinea pig 
hearts a positive inotropic effect appears at concen- 
trations above 2-4 x 107° mol/L (33). However, the 
same concentration of DBcAMP produced a promi- 
nent positive inotropic effect when the contractility 
was depressed by halothane. Yoshitake et al. (34) 
described that DBcAMP reverses cardiac output in 
propranolol-induced myocardial depression. Our re- 
sults that the positive inotropic effect of DBcAMP was 
more prominent in the presence of halothane than in 
control confirms our opinion that the myocardial 
depression of halothane is in part due to a decrease in 
cellular cAMP content by halothane. 


We thank Dr. Wayne R. Giles for many helpful discussions and 
suggestions with regard to this manuscript. 
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Desflurane Does Not Produce Hepatic or Renal Injury in 


Human Volunteers 
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Stephen H. Lockhart, PhD, MD, Ira J. Rampil, MD, and Michael Laster, DVM 


Departments of Anesthesia and Physiology and The Cardiovascular Research Institute, University of California, 


San Francisco, California 


We examined the potential toxicity of desflurane in 13 
young 25.0 + 2.3 (mean + sp) yr-old men, given 7.35 
+ 0.81 MAC-hours of desflurane anesthesia. Hepatic 
and renal function tests, serum electrolytes, and 
standard urine and hematologic tests were performed 
before, during, and after anesthesia. No toxicity was 
found. There were no changes in tests of hepatocel- 
lular integrity (plasma alanine transferase activity), 
synthetic function (serum albumin, prothrombin 
time, partial thromboplastin time), or renal function 
(serum creatinine concentration, blood urea nitrogen 
concentration). Decreases in red blood cell count, 
hematocrit, and blood hemoglobin concentration 


cases causing the abandonment or curtailment 

of their use. Hepatotoxicity has eliminated the 
use of chloroform and restricted the use of halothane 
in adults. Fluoride-induced renal injury has elimi- 
nated the use of methoxyflurane. Nevertheless, de- 
spite its importance, studies of anesthetic toxicity in 
humans are often inconclusive: most studies are 
confounded by the presence of other medications, 
imposition of surgery, and existence of concurrent 
disease. Most anesthetic exposures used to test tox- 
icity are of limited duration and do not reach the 
limits of the range of potential clinical anesthetic 
concentrations. Thus, these exposures may fail to 
reveal a subtle toxic effect. 

Most of the above limitations are obviated by 
studies of healthy volunteers. In such studies no 
drugs other than the anesthetic are administered, 
there is no superimposition of surgery, and the 


j Toxicity is of importance for anesthetics, in some 
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during and immediately after anesthesia were attrib- 
uted to blood sampling and infusion of intravenous 
electrolyte solution. These values returned by 4 days 
after anesthesia to values not different from those 
before anesthesia. Increased white blood cell counts 
and blood glucose concentrations noted during anes- 
thesia with other inhaled anesthetics were also seen 
in these volunteers. Desflurane appears to have no 
greater toxicity than currently used inhaled anesthet- 
ics and, because of its lesser metabolism, may have 
lesser or no toxicity. 

(Anesth Analg 1992;74:570-4) 


anesthetic may be administered over a range of 
clinical concentrations for prolonged periods. Stevens 
et al. (1) described the comparative toxicity of isoflu- 
rane, halothane, fluroxene, and diethyl ether in 
young, healthy human volunteers who underwent 
several hours of anesthesia without surgery. They 
suggested that “the values presented ... may be 
used as standards against which any new agent can 
be compared.” During our evaluation of the cardio- 
respiratory effects of desflurane (1-653) in similar 
young, healthy human volunteers, we collected data 
to evaluate desflurane’s potential for toxicity and to 
compare our findings with those of Stevens et al. for 
isoflurane (1) and of Eger et al. for enflurane (2). 


Methods 


Complete details of the methods and procedures of 
this study are described in several papers detailing 
the cardiovascular (3-5), respiratory (6), electroen- 
cephalographic (7), neuromuscular (8), and metabolic 
(9) actions of desflurane in this same group of volun- 
teers. Briefly, with approval of the University of 
California, San Francisco Committee on Human Re- 
search, 13 normal, healthy men whose physical char- 
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Table 1. Physical Characteristics of Volunteers 


Variable Mean + sp 
Age (yr) 2502235 
Height (cm) 181.4 + 7.7 
Weight (kg) 76.9 + 15.6 
BSA (mô 2.0 + 0.2 


BSA, body surface area. 


acteristics are given in Table 1 were anesthetized for 
6.9 + 0.4 h (mean + sp) with 3%-15% desflurane, 
resulting in an average of 7.35 + 0.81 MAC-hours 
desflurane. The morning of anesthesia (after an over- 
night fast) blood and urine samples were obtained 
and subjected to various tests. Samples were ob- 
tained again at predetermined intervals, which were 
not identical for all tests but included the middle of 
anesthesia, the end of anesthesia, 4 h after anesthe- 
sia, and 1, 4, and 7 days after anesthesia. Times of 
sample collection were those thought likely to be at or 
near the zenith of potential acute abnormalities. All 
laboratory analyses were performed by the Clinical 
Laboratories of the Hospitals of the University of 
California, San Francisco. 

Immediately before anesthesia, we inserted a can- 
nula in a peripheral vein, a radial artery, and the 
pulmonary artery (percutaneously through an inter- 
nal jugular vein) of each volunteer. Volunteers were 
studied while conscious and while anesthetized with 
desflurane at three steady-state end-tidal concentra- 
tions of desflurane in oxygen (0.83, 1.24, and 
1.66 MAC) and desflurane in 60% nitrous oxide (total 
MAC: 0.91, 1.34, and 1.74). Three volunteers were 
also given 2.1 MAC desflurane in oxygen. Anesthesia 
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was induced with desflurane in oxygen or in nitrous 
oxide and oxygen. No other drugs were used. All 
volunteers received all concentrations of desflurane 
in oxygen and in oxygen with nitrous oxide with 
ventilation controlled to maintain normal Paco,. Af- 
ter completion of these measurements, subjects 
breathed spontaneously and received the same three 
randomized concentrations of desflurane in only one 
background gas. Seven subjects breathed spontane- 
ously desflurane in oxygen, and six breathed desflu- 
rane in 60% nitrous oxide in oxygen. Ventilatory 
responses to CO, were tested at each anesthetic 
concentration. In addition, each volunteer was also 
studied during hyperventilation (Pacoz, 25 mm Hg) 
at 1.5 MAC desflurane in either background gas 
(randomized). To test for the effect of duration of 
anesthesia on the cardiovascular response to desflu- 
rane, each volunteer was restudied at the end of the 
anesthetic, during controlled ventilation, at 0.83 and 
1.66 MAC desflurane given in the initial background 
as. 

i Values during and after anesthesia were compared 
with normal values for clinical laboratories of the 
University of California, San Francisco. Those outside 
the normal range were compared with values before 
anesthesia by analysis of variance with repeated 
measures and the Newman-Keuls method of multiple 
comparisons. Statistical significance was accepted a 

P < 0.05. 


Results 


Values for six variables fell outside the normal range 
at various times and differed from the values before 


Table 2. Blood Chemistries Before, During, and After Desflurane Anesthesia 


Variable Pre Mid End 4h 24h 4 Days 7 Days 
Total protein (g/dL) 6.4 + 0.4 7.6 + 0.4 
Albumin (g/dL) 3.9 + 0.1 4.4 + 0.3 
Total bilirubin (mg/dL) 0.8 + 0.4 1.2 + 0.8 0.8 + 0.6 
ALT (U/L) 19.2 + 8.2 17.5 + 7.5 19.1 + 7.8 18.1 + 6.5 22.8 + 10.9 20.2 + 7.5 
Alk phos (U/L) 64.6 + 25.9 62.8 + 23.2 70.6 + 23.6 
PT (s) 13.4 + 0.62 12.1 + 1.08 
PTT (s) 30.4 + 3.6 27.7 £29 
Glucose (mg/dL) 93 +5 141 + 35" 133 2 35 105 + 21 88 + 13 
Na* (mEq/L) 139 + 2 140 + 2 139 + 2 141 +2 140 + 2 
K* (mEq/L) 3.9 + 0.2 4.7 + 0.4 45+0.5 3.8 + 0.4 4.2 + 0.2 
Cl~ (mEq/L) 108 + 3 107 + 2 110 + 2 107 + 2 105 + 2 
CO, (mEq/L) 23.8 + 2.0 21.3 + 1.4 20.7-= 11 26.1 + 2.3 27.1 + 2.6 
Ca** (mg/dL) 8.9 + 0.3 8.5 + 0.3 8.5 + 0.4 8.9+ 0.3 9.6 + 0.4 
Creatinine (mg/dL) 0.9 + 0.2 1.3 + 0.2 1.0 + 0.2 1.0 + 0.1 1.0 £ 0.4 
BUN (mg/dL) 12 +2 153 8+3 1444 133 


ALT, alanine transferase; Alk phos, alkaline phosphatase; PT, prothrombin time; PTT, partial thromboplastin time; BUN, blood urea nitrogen. 
n = 13. Data are mean + sp. “Pre” is before anesthesia, “mid” is the middle of anesthesia, “end” is at the end of anesthesia. Other times are after 


anesthesia. 
*P < 0.05 vs before anesthesia (“pre”). 
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Table 3. Hematologic Values Before, During, and After Desflurane Anesthesia 
Variable Pre Mid End 4h 24h 4 Days 7 Days 

Hematocrit 40.2 + 3.0 40.1 + 2.9 38.1 + 2.18 38.1 + 2.1" 41.5 + 2.5 

Hemoglobin (g/dL) 13.9 + 1.1 13.9 + 1.2 13.4 + 0.9" 13.1 + 0.9 14.5 + 1.1 

RBC (10%pL) 4540.3 4.5 + 0.4 4.3 + 0.3" 4.2 + 0.3" 4.6 + 0.3 

MCH (pg/RBC) 31.3 + 1.4 31.2 + 1.5 31.6 + 1.4 31.1 + 1.4 31.4 + 1,3 

MCV (fL/RBC) 90.5 + 3.2 89,8 + 3.8 89.8 + 3.3 90.0 + 4.0 90.1 + 4.0 

WBC (10°/uL) 5.8 £2.7 11.7 + 3.1° UES aoe E g 9.5 + 2.0° 6.5 + 1.8 

Neutrophils (10°/uL) 3.9 + 2.6 9.4 + 2.87 9.2 + 1.5" 7141.9 4.1414 

Lymphocytes (10°/zL) 1.3 + 0.4 1.5 + 0.4 1.4 + 0.5 1.5 + 0.4 1.8 + 0.4 

Platelets (10°/iL) 213 + 44 228 + 46 226 + 46 200 + 43 259 + 55 


RBC, -ed blood cell count; MCH, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; WBC, white blood cel! count. 


n = 13. Data are mean + sp, “Pre” is before anesthesia, “mid” is the middle of anesthesia, “end” is at the end of anesthesia. Other times are after 


anesthesia. 
“P < 0.05 vs before anesthesia (“pre”). 
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Figure 1. White blood cell count in 13 healthy young men before 
(pre) desflurane anesthesia is less than that during (mid) and at the 
end of anesthesia. By 24 h and 3-4 days after desflurane anesthe- 
sia, the white blood cell counts were not significantly different 
from values before anesthesia. Similar data from volunteers anes- 
thetized with isoflurane are given (Reference 1). Data are mean + 
se. *P < 0.05 vs before anesthesia (“pre”). 
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Figure 2. No differences in plasma alanine transferase activity 
(ALT) in 13 healthy young men were seen for values before (pre), 
at the end of, and 4h, 24 h, 3-4 days, and 7 days after desflurane 
anesthesia. These data may be compared with similar data from 
volunteers anesthetized with isoflurane (Reference 1) or enflurane 
(Reference 2). Data are mean + sE. *P < 0.05 vs before anesthesia 
(“pre”). 
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TIME. 
Figure 3. Serum creatinine in 13 healthy young men before (pre), 
at the end of, and 24 h, 3-4 days, and 7 days after desflurane 
anesthesia did not vary significantly. These data may be compared 
with similar data from volunteers anesthetized with isoflurane 
(Reference 1) or enflurane (Reference 2). Data are mean + SE. 


anesthesia (Tables 2 and 3). Total white blood cell 
count, neutrophil count, and blood glucose concen- 
tration were increased (P < 0.005) in the middle and 
at the end of anesthesia. The latter returned to 
normal when next measured, 24 h after anesthesia 
(Table 3, Figure 1). Total white blood cell and neutro- 
phil counts returned to normal by 4 days after anes- 
thesia. Hematocrit, hemoglobin concentration, and 
red blood cell count were decreased significantly (P < 
0.05) at the end and 24 h after anesthesia; all returned 
to normal by 4 days after anesthesia. No other values, 
including plasma alanine transferase (ALT) activity 
(Figure 2) and serum creatinine (Figure 3), fell outside 
the laboratory’s range of normal values or differed 
from values measured before anesthesia. 


Discussion 


Absence of changes or abnormal values in tests 
associated with hepatic and renal function suggests 
an absence of acute hepatic or renal toxicity of des- 
flurane. Our findings extend those of Jones et al. (10) 
who failed to find abnormal hepatic or renal labora- 
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tory tests in 10 healthy volunteers given subanes- 
thetic concentrations of desflurane for 90 min (< 0.7 
MAC-hours). Our finding is especially reassuring 
because our volunteers were anesthetized for longer 
and at considerably greater anesthetic depth (up to 
2.1 MAC) than is common in clinical practice, and 
with the addition of hypercarbia, hypocarbia, and 
occasionally hypotension. 

Our findings are not surprising as anesthetic tox- 
icity may be linked to anesthetic metabolism (11). In 
rats (12), swine (13), and in these volunteers (9) 
desflurane was metabolized to a lesser extent than 
any other halogenated anesthetic. Less than 0.02% of 
desflurane that was taken up was metabolized; this 
value is approximately 10% of the value for the 
metabolism of isoflurane, the least metabolized halo- 
genated anesthetic in use today (14). Our failure to 
find any impairment of hepatic function is supported 
by our previous finding that plasma ALT activity, a 
sensitive, specific test of hepatic cellular integrity 
(15), does not increase after several hours of desflu- 
rane anesthesia in swine (16). Similarly, Eger et al. 
(17) failed to find desflurane (I-653)-induced hepato- 
toxicity in enzyme-induced, hypoxic rats. Previous 
studies in similar young, healthy, male volunteers 
have found increased bromsulphalein retention after 
isoflurane, halothane, and fluroxene anesthesia and 
increased plasma ALT activity after fluroxene and 
enflurane anesthesia (1,2). The absence of increased 
ALT activity in our volunteers is reassuring and 
suggests that desflurane even in high concentrations 
for prolonged periods does not produce hepatic in- 
jury. 
Our study was not designed to test for the rare, 
severe hepatic injury associated with halogenated 
anesthetics. The extremely infrequent occurrence of 
this injury associated with anesthetics such as enflu- 
rane or isoflúrane might require a subject sample size 
of one million or more to establish an approximate 
incidence (18,19). The relative amounts of immuno- 
reactive protein adducts formed correlate directly 
with the relative extent of metabolism of halothane, 
enflurane, and isoflurane. The metabolism of isoflu- 
rane results in a barely measurable production of 
adducts (20). The minimal metabolism of desflurane 
in humans (approximately 10% that of isoflurane) (9) 
would appear to place its capacity to cause hepatic 
injury below that of all other halogenated anesthetics 
(11). 

Our tests for renal impairment were less sensitive 
than those of hepatic integrity. However, in the 
absence of change in serum fluoride concentration in 
these volunteers (9), no renal toxicity would be ex- 
pected. Increases in serum fluoride measured after 
isoflurane or enflurane anesthesia do not achieve the 
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renal threshold for toxicity (50 uM), and no increase 
in serum creatinine has been observed after anesthe- 
sia with these agents (1,2, and Figure 3). 

We attribute the transient decrease in red blood 
cell count, hematocrit, and blood hemoglobin con- 
centration to sampling of blood from each volunteer 
and concurrent infusion of electrolyte solution. Any 
potential hematopoetic toxicity would not be ex- 
pected to be reflected in these measures as rapidly as 
these decreases were seen (7 h). The extent and 
brevity of decrease (within 4 days after anesthesia 
results for these variables returned to normal) sup- 
port the notion that the cause was blood sampling 
plus mild hemodilution. 

The increase in white blood cell and neutrophil 
counts in the midst and at the end of anesthesia is 
unexplained. Jones et al. (10} found increased white 
blood cell count at the end of 90 min of administration 
of subanesthetic concentrations of desflurane. 
Stevens et al. (1) noted increased white blood cell 
counts 24 h after volunteers were anesthetized with 
isoflurane, halothane, and fluroxene. They also ob- 
served an increased blood glucose concentration in 
those anesthetized with, isoflurane and halothane. 
Glucose concentration had returned to normal in our 
volunteers 24 h after and white blood cell and neu- 
trophil counts 4 days after desflurane anesthesia. 

In evaluating the comparative toxicity of those 
anesthetics, Stevens et al. suggested that their data 
may be used as standards against which any new 
agent can be compared. Our data indicate that des- 
flurane is no more toxic than the anesthetics evalu- 
ated by Stevens et al. The minimal metabolism un- 
dergone by desflurane suggests that its potential for 
toxicity may be less than that of other anesthetics. 
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Role of Transsarcolemmal Ca** Entry in the Negative 
Inotropic Effect of Nitrous Oxide in Isolated 


Ferret Myocardium 


Edmund G. Carton, MD, and Philippe R. Housmans, MD, PhD 
Department of Anesthesiology, Mayo Clinic and Mayo Foundation, Rochester, Minnesota 


The purpose of this study was to investigate the 
effects of nitrous oxide (NO) on transsarcolemmal 
calcium influx in isolated ferret right ventricular myo- 
cardium. Using a range of loading conditions, papil- 
lary muscles were equilibrated in 50% nitrogen (N3) 
or 50% NO in oxygen in the presence and absence of 


ryanodine, a specific inhibitor of calcium release from 


the sarcoplasmic reticulum. After equilibration in 
50% NO or 50% N, in oxygen, peak developed force, 
peak isotonic shortening, and maximal unloaded 


itrous oxide (N,Q) is an anesthetic agent that 
N: widely used in combination with narcotics 

and/or halogenated volatile agents. Although 
early studies suggested that N O had minimal depres- 
sant effects on myocardial performance (1), recent in 
vitro reports have documented a direct negative inotro- 
pic effect of NO (2,3). We have demonstrated that the 
negative inotropic effect of N,O is associated with a 
decrease in intracellular calcium availability with no 
change in myofibrillar Ca** responsiveness (2). In 
mammalian myocardial excitation-contraction cou- 
pling, activator Ca** is derived mainly from two sourc- 
es: transsarcolemmal influx and release from intracellu- 
lar stores, particularly the sarcoplasmic reticulum (SR). 
In ferret ventricular myocardium, most of the activator 
Ca** is derived from SR, and the negative inotropic 
effect of N2O must involve a depressant effect on SR 
Ca** availability. However, to observe the effect of N,O 
on transsarcolemmal Ca** influx alone in this animal 
model, we recorded the inotropic effects of 50% NO in 
oxygen (O) in right ventricular papillary muscles when 
the release of Ca** from the SR was selectively blocked 
with 1078 M ryanodine (4). 
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velocity of shortening were compared in the presence 
and absence of 107° M ryanodine. Fifty percent N,O 
caused a significant reduction in contractility in con- 
trol conditions and a further significant reduction in 
contractile variables in the presence of 10~° M ryan- 
odine. We conclude that at least part of the negative 
inotropic effect of N,O is due to an inhibition of 
transsarcolemmal calcium influx. 

(Anesth Analg 1992;74:575-9) 


Methods 


After approval by the Institutional Animal Care and 
Use Committee had been obtained, we used nine 
right ventricular papillary muscles from adult male 
ferrets (weighing 1.0-1.2 kg; 16-19 wk of age) for this 
study. The animals were anesthetized with intraperi- 
toneal sodium pentobarbital (100 mg/kg) and after 
cardiectomy, suitable papillary muscles were 
mounted vertically in a temperature-controlled (30°C) 
muscle chamber filled with a physiological salt solu- 
tion in double deionized glass-distilled water with the 
following composition (mM): NaCl, 118; KCI, 5; 
Na, HPO, 1; MgSO, 1; sodium acetate, 20; glucose, 
10; CaCl,, 2.25; buffered with N-2-hydroxyethylpiper- 
azine-N'-2-ethane sulfonic acid (HEPES), 5. The pH 
of the bathing solution was 7.35 at 30°C. A HEPES- 
buffered solution was chosen to avoid changes in pH 
on introduction of 50% NO or 50% nitrogen (N3) into 
a bicarbonate-buffered (HCO; /CO.) system. 

The tendinous end of each muscle was tied with a 
braided polyester thread (9.0 Deknatel Surgical 
Tevdek) to the lever of a force-length servo trans- 
ducer (Innovi, Belgium) (5). The ventricular end of 
each muscle was held in a miniature lucite clip with a 
built-in point stimulation electrode. The anode con- 
sisted of platinum wires arranged longitudinally on 
either side of the muscle. The muscles were electri- 
cally stimulated at 4s intervals (rectangular pulses, 
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Table 1. Muscle Characteristics During Control 
Conditions at L (n = 9) 


max 


Eo -ESA R T 
(mm) (mm?) (mN/mm7?) (mN/mm?) R/T 
Mean 6.17 0.60 4.27 21.93 0.18 


SD 1.03 0.33 L43 9.39 0.08 


Lmax resting length at which twitch force was maximal; CSA, cross- 
sectional area; R, resting force; T, total force; R/T, ratio of resting to total 
force. 


5ms in duration and 10% above threshold voltage) by 
a Grass 588D stimulator. Muscles contracted in an 
alternating series of four isometric and four isotonic 
twitches for a 2-3-h stabilization period at the end of 
which muscle length was set at Lmax (resting length at 
which twitch force was maximal). Suitable muscles 
were selected on the basis of the following criteria: 
length at Lmax >3.5 mm, mean cross-sectional area 
<1.30 mm’, and ratio of resting (R) to total force (T), 
<0.30. Table 1 summarizes the muscle characteristics 
during control conditions at Lmax- 

The experimental setup was similar in principle to 
that used previously (5), except that the muscles were 
mounted vertically in a Blinks-type muscle chamber 
(6). A combination of O,, N, and N,O was delivered 
(500 mL/min) to a fritted glass bubbler in the muscle 
chamber. 

The concentration of O), Nz, and N;O in the gas 
phase was continuously monitored with an acoustic 
gas analyzer (Section of Engineering, Mayo Founda- 
tion) (5) that was calibrated with a mass spectrometer 
(Perkin Elmer 1100). 

Muscles contracted isometrically between record- 
ing periods throughout the experiment. After a 15- 
min equilibration period with a particular gas mix- 
ture, variables of contraction were determined from 
three types of twitches. The first contraction was an 
isometric twitch, from which peak developed force 
(DF), maximal rate of force development (+dF/dt), 
and time to peak force were measured. The second 
contraction was an isotonic twitch at the preload of 
Lmax from which peak shortening (DL), peak velocity 
of shortening (+V), and time to peak shortening were 
measured. The third contraction was a ‘‘zero-load- 
clamp” twitch, which is an isotonic twitch at the 
preload of Lmax where load was rapidly (<3 ms) 
reduced to zero just before the stimulus was applied. 
Maximal unloaded velocity of shortening (MUVS) 
was measured from zero-load-clamped twitches. 
Each of these three contractions was separated by 
seven isotonic twitches at the preload of Lmax to 
eliminate effects of loading history of preceding con- 
tractions (7). 

Muscles were exposed to the following gas mix- 
tures: (a) 50% O,-50% N,, (b) 50% O--50% NO, and 
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Figure 1. Force traces as a function of time of isometrically con- 
tracting papillary muscles exposed to 50% N-50% O, and to 50% 
N,O-50% O, before and after ryanodine 10 ° M. Muscle charac- 
teristics: Laax 5.5 mm; mean cross-sectional area (CSA), 0.27 mm7; 
ratio of resting to total force (R/T), 0.16. 


(c) 50% O-50% N>. This sequence was then repeated 
in the presence of 10 ° M ryanodine. Fifty percent N, 
in O, was used as control so that N-O could be 
introduced (in exchange for N») without changing the 
O, concentration in the bathing solution. To correct 
for any time-dependent change in muscle perfor- 
mance, contractile variables measured in NO were 
compared to the average value of these variables 
measured in control conditions (50% O,-50% N») 
immediately before and after exposure to NO. Ry- 
anodine was stored at 10°C as a 1 mM stock solution. 

All waveforms of force, length, velocity, and rate 
of force development were displayed as a function of 
time on a four-channel digital oscilloscope (Nicolet 
4094A), stored permanently on 5.25-in floppy disks, 
and recorded at slow speed on a four-channel pen 
recorder (Honeywell 1400). Waveforms of interest 
recorded on the digital oscilloscope were transferred 
to a computer (IBM PC-XT) where variables of con- 
traction and corresponding time values were mea- 
sured. Values were expressed as mean + SD. 
Changes in peak developed force in 50% O,-50% N, 
in the presence and absence of ryanodine were com- 
pared by repeated measures analysis of variance, 
followed by Student's t-tests with Bonferroni correc- 
tion. Comparisons between variables in N,O and 
their corresponding averaged control values were 
made with paired Student's t-test; P < 0.05 was 
considered significant. 


Results 


Muscles were exposed to 50% N, and 50% NO in O, 
in the sequence shown in Figure 1. Fifty percent N,O 
in O, caused a significant reduction in DF, DL, and 
MUVS compared with their averaged control (Figure 
2, Table 2). Addition of 10°° M ryanodine to the 
bathing solution in the muscle chamber caused a 
significant reduction in DF in control conditions 
(18.37 + 9.31 mN/mm? in 50% 05-50% N, before N,O 
and 18.39 + 9.50 mN/mm? in 50% O,-50% N, after 
NO versus 3.61 + 2.44 mN/mm? in 50% 05-50% N, 
before N,O and 3.51 + 2.28 mN/mm? in 50% 05-50% 
N; after NO in the presence of 10 ° M ryanodine, 
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Figure 2. Effects of 50% NO in oxygen on isometric force of 
isometric twitches (top), on isotonic shortening of isotonic pre- 
loaded twitches (middle), and on unloaded velocity of shortening in 
“zero-load-clamp” (bottom) twitches in the presence and absence of 
10 ° M ryanodine. Same muscle as in Figure 1. 


P < 0.05, n = 9) (Figure 1). Although twitch ampli- 
tude was greatly reduced in the presence of 10 ° M 
ryanodine, 50% N;O in O, caused a further signifi- 
cant reduction in DF and DL compared with their 
averaged control (Figure 2). Fifty percent N,O in the 
presence of ryanodine did not alter MUVS (Table 2). 

Maximal rate of rise of force (+dF/dt) in isometric 
twitches and peak velocity of shortening (+V) in 
isotonic twitches were significantly reduced in 50% 
N,O. In the presence of 10 ° M ryanodine, 50% NO 
caused a further reduction in +dF/dt, but +V was not 
changed (Table 3). 

Time to peak force in isometric twitches was un- 
changed in 50% N O compared with the averaged 
control (254.89 + 36.00 ms in 50% O,-50% N, versus 
249.22 + 41.50 ms in 50% O,-50% N3O, P = 0.08, n = 
9). Time to peak isotonic shortening was unchanged 
in 50% N O compared with the averaged control 
(257.17 + 28.03 ms in 50% O,-50% N, versus 253.44 
+ 29.65 ms in 50% O,-50% NO; P = 0.06, n = 9). 
Although both time to peak shortening and time to 
peak force were significantly prolonged in 50% O,- 
50% N, by the addition of 10 ° M ryanodine, neither 
was altered further in the presence of 50% N,O. 

There was no change in the value of DF in 50% 
O,-50% N, before and after equilibration with NO 
(18.37 + 9.31 mN/mm7? before versus 18.39 + 
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9.50 mN/mm*? after 50% N,O; P = 0.97, n = 9) in 
control conditions and in the presence of 10°° M 
ryanodine (3.61 + 2.44 mN/mm? before versus 3.51 + 
2.28 mN/mm* after 50% NO; P = 0.53, n = 9). 


Discussion 


Several in vitro (2,3,8-10) and in vivo animal (11,12) 
experiments suggest that N,O has a direct negative 
inotropic effect on mammalian myocardium. The 
mechanisms by which N,O may decrease force de- 
velopment by ventricular muscle are not known. 
During excitation-contraction coupling, N,O may re- 
duce the concentration of intracellular Ca** available 
to the myofibrillar apparatus, or decrease the sensi- 
tivity of the myofibrils to any given concentration of 
Ca**, or decrease contractility by a combination of 
these two mechanisms. We have demonstrated that 
N,O decreases intracellular Ca** availability but has 
no effect on myofibrillar Ca** responsiveness (2). 

There are two major sources of activator Ca**, 
transsarcolemmal influx and release from intracellu- 
lar stores. Although in ferret ventricular myocardium 
most of the activator Ca** is derived from the SR, the 
purpose of this study was to observe the effect of 50% 
NO in O, on other mechanisms, including transsar- 
colemmal Ca** influx, in isolation from SR Ca** 
release in this particular animal model. 

Ryanodine, an alkaloid derived from the plant 
Ryanis speciosa is known to cause contracture in skel- 
etal muscle and irreversible relaxation in the heart 
(13). Nanomolar concentrations of ryanodine cause a 
pronounced negative inotropic effect in cat right 
ventricular papillary muscle that is distinct from the 
decrease in force development owing to dihydropy- 
ridines (14). Specific ryanodine receptors have been 
associated with SR Ca** release channels that are 
incorporated in the “feet structures” that link trans- 
verse tubules to the junctional SR (15). In cardiac 
junctional SR, ryanodine demonstrated two types of 
binding to its specific receptor. High affinity binding 
(Ka ~ 7.9 nM) locked the Ca?* release channel in the 
open state, whereas low affinity binding (Ky ~ 1 uM) 
closed the Ca** release channels of junctional cardiac 
SR (16). In either concentration, the net result is to 
suppress utilization of Ca** from the SR for contrac- 
tile activation. Ryanodine has no effect on the SR 
Ca** uptake pump (17), or the Na*—Ca?* exchanger, 
so that the Ca** that is released from the SR is rapidly 
expelled from the cytoplasm and does not lead to 
tension development (4). 

In the present experiments, 50% NO in O, caused 
a significant reduction in DF, +dF/dt, DL, +V, and 
MUVS in control conditions. These results confirm 
our earlier findings in ferret right ventricular papil- 
lary muscle (2). Time to peak shortening and time to 
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Table 2. Effects of 50% Nitrous Oxide in Oxygen on Peak Developed Force, Peak Isotonic Shortening, and Maximal 
Unloaded Velocity of Shortening in the Presence and Absence of 107° M Ryanodine 


Control - Ryanodine (107° M) 
50% O0,-50%N, 50% O,-50% N0 50% O,-50% N, 50% O,-50% NO 
DF DL MUVS DF DL MUVS DF DL MUVS DF DL MUVS 
Mean 18.38 0.09 1.48 15.56" 0.08° 1.40° 3.56 0.02 0.52 232 0.01" 0.47 
SD 9.38 0.03 0.49 7.49 0.03 0.47 


2:59 0.02 0.34 1.55 0.01 0.40 


DF, pzak developed force; DL, peak isotonic shortening; MUVS, maximal unloaded velocity of shortening. 
Values in 50% O,-50% N, are averaged from measurements before and after exposure to nitrous oxide. 


*P < 0.01 for differences with values in 50% O,-50% N, { 


paired Student's t-test). 


bp < 0.001 for differences with values in 50% O,-50% N, (paired Student's t-test). 


Table 3. Effects of 50% Nitrous Oxide in Oxygen on Peak Velocity of Shortening (+V) and Maximal Rate of Force 
Development (+dF/dt) in the Presence and Absence of 107° M Ryanodine 


Control = Ryanodine (10~¢ M) 
' 50% O50% N, 50% O,-50% NO 50 % O,-50% N, 50% O,-50% NO 
+V +dF/dt +V +dF/dt +V +dF/dt +V +dF/dt 
(Lmads) (mNemm™®s™) (Lids) 9 (MN-mm™?-s7!) (Limas)  (MNemm™?s™) . (Loads) (N-mm?-s~7) 
Mean -0.81 118.04 0.72" 102.52" 0.26 22.76 0.23 17.33° 
59.16 0.41 48.59 0.32 9.41 0.39 6.55 


SD 0.44 


+V, peak velocity of shortening; +dF/dt, maximal rate of force development. 

Values in 50% O50% N, are averaged from measurements before and after exposure to nitrous oxide. 
“P < 0.05 for difference with values in 50% O,-50% N, (paired Student’s t-test). 

*P < 0.01 for difference with values in 50% O,-50% N, (paired Student's t-test). 

€P < 0.001 for differene with values in 50% O2-50% N, (paired Student’s t-test). 


peak force were significantly decreased in 50% NO 
in our initial report (2); in the present study, how- 
ever, the reduction did not reach significance. 

The source(s} of activator Ca** varies with the 
species under investigation. The frog has a poorly 
developed SR and is almost entirely dependent on 
transsarcolemmal Ca** influx to activate the myo- 
fibrillar apparatus. In rat ventricular myocardium, the 
SR is the predominant source of activator Ca**. 
Rabbit, guinea pig, cat, and dog lie between these 
extremes (18). Ferret and human ventricular myocar- 
dium are similar to guinea pig or cat in that most of 
the activator Ca** is derived from internal stores, 
although it is likely that ferret myocardium requires a 
smaller inward Ca** current to trigger SR Ca** re- 
lease (19). ; 

Ryanodine (10~° M) caused a significant reduction 
in all contractile parameters from contro] measure- 
ments. This may reflect the substantial contribution 
to the activator Ca** pool from. the SR in ferret 
. ventricular myocardium. In the presence of 10™° M 
ryanodine, 50% N,O in O, caused a further signifi- 
cant reduction in DF, DL, and +dF/dt. If we assume 
that ryanodine at this concentration will inhibit the 
release of Ca** from the SR, then the negative ino- 
tropic effect of 50% NO must be due to a depressant 
- effect on an alternative source of activator Ca**. 


It is possible that the change in intracellular Ca** 
and subsequent force development in the presence of 
ryanodine (in 50% N, or 50% NO) is due to an 
incomplete blockade of Ca** release from the SR; 
however, the following evidence would argue against 
this hypothesis. 

Using the Ca** regulated photoprotein aequorin, 
Marban and Wier (4) recorded the intracellular Ca?* 
transient and developed force in canine Purkinje 
fibers. In the presence of 107} M ryanodine, peak 
force development and the Ca** transient were 
greatly reduced. Subsequently, the residual aequorin 
luminescence and developed force were completely 
inhibited by 107” M nitrendipine, a specific inhibitor 
of sarcolemmal Ca?* channels (4). In the presence of 
ryanodine and nitrendipine, no other source of acti- 
vator Ca** could be identified, and therefore force 
development was completely abolished. This experi- 
ment suggests that in canine Purkinje fibers, there is 
no ryanodine-independent mechanism to rapidly re- 
lease SR Ca** for myofibrillar activation and that 
ryanodine completely inhibits SR Ca** release. The 
diminished twitch amplitude and intracellular Ca** 
transient in the presence of ryanodine alone must 
result from an alternative source of activator Ca?*, 
such as transsarcolemmal influx. 

In the presence of 10°° M ryanodine, equilibra- 
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tion of ferret right ventricular papillary muscle in 
50% O-50% NO caused a further significant reduc- 
tion in contractile parameters. This indicates that 
NO has a depressant effect on the alternative source 
of activator Ca**, most likely transsarcolemmal in- 
flux. 

In a species with a poorly developed SR, such as 
the frog, we predict that N,O would decrease trans- 
sarcolemmal Ca** influx, and thereby have a nega- 
tive inotropic effect. This may not be directly appli- 
cable to the effects of N,O on ferret or human 
ventricular myocardium. 

In the present study, muscles were operating in 
potentially hypoxic conditions (50% O, with either 
50% N, or 50% NO), and these suboptimal condi- 
tions may have influenced our findings (20). How- 
ever, as in our previous study (2), there was no 
difference in the contractile performance in 50% O,- 
50% N, before and after equilibration with N,O in the 
presence or absence of 10~° M ryanodine. Therefore, 
the results we observed are likely to be a true effect of 
N20. 

The evidence from the present study suggests that 
50% N.O decreases transsarcolemmal Ca** influx. 
The similarities between ferret and human ventricu- 
lar myocardium suggest that NO would have a 
depressant effect on human transsarcolemmal Ca** 
influx. The depressant effect may be due to inhibition 
of the sarcolemmal slow inward Ca** channel. 
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Quantification of the Jet Function of a Jet Stylet 


Sheila D. Gaughan, MD, Jonathan L. Benumof, MD, and George T. Ozaki 
University of California at San Diego Medical Center, Department of Anesthesiology, San Diego, California 


The concept and use of a jet stylet as an additional 
safety measure during tracheal extubation of patients 
in whom subsequent ventilation and/or reintubation 
of the trachea may be difficult has recently been 
described. If jet ventilation through a jet stylet could 
provide for effective gas exchange, it would allow 
additional time to assess the need for reintubation of 
the trachea. We determined the tidal volumes (mea- 
sured by integrating a pneumotachograph flow sig- 
nal) that 50-psi jet ventilation, at an inspiratory to 
expiratory time ratio of 1:1 (unit of time = 1 s), could 
deliver through small, medium, and large Sheridan 
tube exchangers into an in vitro lung model that had 
lung compliances of 50 and 30 mL/cm H,0O (six 
experimental permutations). The tidal volume (VT) 
produced during jet ventilation was moderately de- 
pendent on air entrainment (measured by a volume 
spirometer), with the contribution to total Vr ranging 


tional safety measure during extubation of the 

trachea in patients in whom subsequent venti- 
lation and or reintubation of the trachea may be 
difficult has been described (1,2). A jet stylet consists 
of a small internal diameter, hollow, semirigid cath- 
eter that is inserted through an in situ endotracheal 
tube (ETT) before its removal. After the ETT is with- 
drawn over the jet stylet, the hollow stylet can serve 
two functions: as a guide for reintubation should it be 
necessary (i.e., the stylet function) and/or to ventilate 
the patient’s lungs (i.e., the jet function). If jet ven- 
tiation through a jet stylet could provide for effective 
gas exchange, it would allow additional time to assess 
the need for reintubation. Previously measured 50- 
psi jet ventilation flow rates and 1-s tidal volumes 
through a jet stylet that was not connected to a 
respiratory system (i.e., there was zero distal respi- 
ratory impedance [zero resistance, infinite compli- 
ance]) suggested that total support of ventilation was 
possible (3). However, it is not known whether this 


l The concept and use of a jet stylet as an addi- 
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from 0% to 31%; the amount of air entrainment was 
confirmed by excellent correlation between the alve- 
olar oxygen concentration (FAo,) measured by an 
oxygen analyzer and the Fao, calculated from en- 
trained and total Vr. Decreased lung compliance 
caused decreased Vr and end-expiratory volume for 
all six experimental conditions. The largest Vr and 
minute ventilation (VE) generated were 1680 mL and 
51.6 L/min (large tube exchanger, high lung compli- 
ance) and the lowest Vr and VE were 440 mL and 
13.2 L/min (small tube exchanger, low lung compli- 
ance), respectively. These findings validate the term 
‘Set stylet” for all three tube exchangers as even the 
smallest tube exchanger, coupled with a low lung 
compliance, can provide a VE consistent with total 
ventilatory support for most clinical situations. 
(Anesth Analg 1992;74:580-5) 


method of ventilation would be effective if the jet 
stylet was connected to a respiratory system that had 
a varying and clinically relevant lung compliance. 
The purpose of this experiment was to perform these 
measurements and thereby provide an objective basis 
for evaluating the assumption that jet ventilation 
through all sized tube exchangers can indeed provide 
effective ventilation. 


Methods 
Experimental Model 


Our experimental model (Figure 1) consisted of a jet 
ventilation apparatus and a mechanical lung. The jet 
ventilation apparatus consisted of a standard E cylin- 
der oxygen tank fitted with a high flow regulator 
(0-540 L/min) (Matheson Reducing Pressure Regu- 
lator, model 1L-540, East Rutherford, N.J.). The 
pressure setting of the high flow regulator was inde- 
pendently measured with a calibrated manometer 
(Perma-Cal, Advanced Technology, Monrovia, Calif.). 
The tank regulator was connected to a jet injector 
(Bivona, Inc., Carden Jetting Device, model Carget, 
Gary, Ind.). The LE ratio of the jet injector was 
precisely varied using a solenoid mechanical thumb 
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Figure 1. Schematic of the experimental model. The model con- 
sisted of a ventilatory apparatus (oxygen tank, high flow regulator, 
jet ventilator, and test tube exchanger) and a mechanical lung 
model. The mechanical lung model consisted of a conducting 
airway (upper airway, trachea, mainstem bronchi) and two inflat- 
able bellows (alveolar space). The test tube exchangers were 
inserted through and cemented into the sampling port of a 
male-to-female elbow so that the tube exchanger projected into the 
center of the female outlet and had minimal movement during jet 
ventilation. The inset at the bottom of the figure shows the detail 
of how the tube exchanger was connected to the jet ventilator. See 
text for full explanation. 





(type 18P, Guardian Electric Company, Chicago, Ll.) 
that was electronically driven (model 88F, Grass 
Instruments, Quincy, Mass.). The jet injector was 
connected by polyvinylchloride tubing to large, me- 
dium, or small Sheridan tube exchangers (Sheridan 
Catheter Corp., Oregon, N.Y.). The test tube ex- 
changer was adapted for jet ventilation (see inset, 
Figure 1) by inserting a female Luer-lock barbed cone 
adaptor (either Beckton Dickinson Company, Ruther- 
ford, N.J., Parts 3092 [metal] or 3250 [plastic] or 
Popper and Son, Inc., New Hyde Park, N.Y., catalog 
#6174 [metal]) into the proximal ends of 4.0-cm 
lengths of 5.0-, 4.0-, and 3.0-ID ETTs (4). The ends of 
the ETTs fit snugly over large, medium, and small 
Sheridan tube exchangers, respectively (4). Each of 
these test tube exchangers was inserted into the 
trachea of the mechanical lung. 

The mechanical lung consisted of two inflatable 
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bellows (alveolar space, each 2 L) connected to a 
conducting airway (upper airway, trachea, mainstem 
bronchi). The test tube exchanger entered the con- 
ducting airway near the proximal end of the trachea 
(12 cm long, 19 mm ID, Silastic tubing) through a 
15-mm male-to-female sampling elbow. The test tube 
exchanger was cemented into the sampling port so 
that there were no leaks, and the tube exchanger 
projected into the center of the female outlet of the 
elbow and was nonmoveable (so that there was 
minimal whip of the tube exchanger tip with jet 
ventilation). The male end of the elbow was joined to 
the upper airway by a 15-mm connector. The upper 
airway consisted of 14-cm, 22-mm-ID, corrugated - 
plastic tubing. The proximal end of the upper airway 
was connected to a pneumotachograph (Fleisch, 
model 2, New York, N.Y.) 

The distal trachea was connected to a pneumo- 
tachograph (Fleisch, model 2) that in turn was con- 
nected to the mainstem bronchi (20 cm long, 9.0 mm 
ID, polyvinylchloride tubing) via a Y-connector. The 
mainstem bronchi were connected to two inflatable 
bellows (Vent Aid Training Test Lung, Michigan 
Instrument, Grand Rapids, Mich.) via 15-mm female- 
to-female adaptors. The compliance of the inflatable 
bellows could be varied adjusting a spring-loaded 
screw (Cset). 

Two different flows were measured with the two 
pneumotachographs, and both pneumotachographs 
could measure flow bidirectionally. The pneumo- 
tachograph positioned at the junction of the main- 
stem bronchi and trachea measured total flow 
entering the bellows, and the pneumotachograph 
positioned at the proximal end of the upper airway 
measured entrained air flow. The pressure across the 
pneumotachograph positioned between the main- 
stem bronchi and the trachea was measured by a 
differential pressure transducer (model 270, Hewlett 
Packard, Waltham, Mass.), and the flow signal from 
the transducer was electronically amplified (model 
8805A, Hewlett Packard), integrated (to yield tidal 
volume [Vr]) (model 8815A, Hewlett Packard), and 
displayed on a permanent four-channel thermal strip 
chart recorder as flow (V) 0-250 L/min and as Vr ona 
0-2-L fully resettable scale (model 7754A, Hewlett 
Packard). The V from the pneumotachograph posi- 
tioned at the proximal end of the upper airway was 
displayed on the thermal strip chart recorder on a 
0-150-L/min fully resettable scale. The entrained vol- 
ume was measured using an Ohmeda 5400 volume 
monitor (Englewood, Colo.) and was verified by 
planimetering the area under all the flow curves 
(agreement was within +2%). Both pneumotacho- 
graphs were calibrated using a.standard 0~-150-L/min 
oxygen flow meter (tube FP-1-27-G, Fischer and Por- 
ter Company, Warminster, Pa.). 
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The pressure in the lung (bellows) was measured 
with an aneroid 0-80-mL/cm H,O manometer (P/N 
145R, bird Products, Palm Springs, Calif.) connected 
to the external pressure port of the mechanical lung 
and was used for on-line confirmation that Cset = 
end-exviratory volume (EEV)/end-expiratory pres- 
sure. An oxygen electrode was inserted into one of 
the bellows to measure the alveolar O, concentration 
(Fao) (Drager oxygen monitor, model 04026-03, 
Teleford, Pa. End expiratory volume was read off the 
inflatable bellows spirometer. 


Experimental Sequence 


The high flow regulator was set at 50 psi, a pressure 
setting equivalent to central wall pressure. We mea- 
sured total and entrained V and Vr, Fao,, and EEV 
for all three tube exchangers at lung compliance 
settings of 30 and 50 mL/cm H,O (six permutations). 
An insviratory to expiratory time ratio of 1:1 (unit of 
time = 1 s) was used for all six experimental situa- 
tions. 


Data Analysis 


As all measurements (total and entrained V and Vr, 
FAO,, and EEV) were precisely reproducible at the 
steady state condition, each experimental situation is 
represented by a single data point and differences 
are, by definition, significant. Based on the entrained 
air and total Vr, a theoretical FAo, could be calculated 
by the following equation: 


FAO, = 


(Vr — Entrained air volume)(1.0) + (Entrained air volume)(0.21) 
VT 


We compared the calculated with the measured Fao, 
by linear regression analysis. The data are presented 
for all three tube exchangers as Cset versus Vt and 
Cset versus EEV. The minute ventilations (VE) for 
each experimental situation (using Vt X 30 breaths/ 
min [I:E = 1:1]) are displayed in table format. 


Results 


The calculated and measured Fao, are compared in 
Figure 2. The linear regression equation y = 1.01x — 
0.04 was nearly the same as the line of identity, and 
the variables were closely correlated (r = 0.95). Air 
entrainment ranged from 0% to 31% of the measured 
Vr. Aiz entrainment constituted the largest percent- 
age of the measured Vr (31%) for the large tube 
exchanger at a compliance of 50 mL/cm H,O; this 
quantitatively accounted for the lowest measured 
Fao, value (0.74). 
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Figure 2. Calculated versus measured Fao,. The x-axis is the 
calculated Fao, (based on air entrainment and total tidal volume) 
and the y-axis is the measured FAo,. The correlation is excellent 
with P < 0.0001. 
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Figure 3. The effect of changing compliance (Cset, x-axis) on tidal 
volume (VT, y-axis) is illustrated for all three tube exchangers 
(z-axis) at an I:E = 1:1. As the size of the tube exchanger and lung 
compliance increases, VT increases. 


The effect of varying the compliance on VT is 
shown in Figure 3. For all three tube exchangers, as 
compliance increased from 30 to 50 mL/cm H,O, Vt 
increased. At a given compliance, larger tidal vol- 
umes were obtained through the large tube ex- 
changer than through the small tube exchanger. The 
smallest Vr (small tube exchanger, Cset = 30 mL/cm 
H-O) was 440 mL and the largest Vr (large tube 
exchanger, Cset = 50 mL/cm H,O) was 1680 mL. 

Figure 4 illustrates the effect of varying compliance 
on EEV. Increasing compliance resulted in an in- 
crease in EEV. The largest EEV (1500 mL) occurred 
with the large tube exchanger at a compliance of 
50 mL/cm H,O. 

The minute ventilations at an I:E = 1:1 are pre- 
sented for every experimental condition in Table 1. 
The lowest VE achieved was 13.2 L/min using the 
small tube exchanger at compliance of 30 mL/cm 
H-O. The largest VE obtained was 51.6 L/min using 
the large tube exchanger at a compliance of 50 mL/cm 
H,O. 
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Figure 4. The effect of varying compliance (Cset, x-axis) on end- 
expiratory volume (EEV) (y-axis) for all three tube exchangers 
(z-axis) at an I:E = 1:1 is shown. Increasing size of tube exchanger 
and lung compliance caused an increase in volume trapped in the 
lungs at end expiration. 


Discussion 


Our findings clearly demonstrate the flow rates Vr 
and VE that can be generated through tube exchang- 
ers of all sizes adapted for jet ventilation in a variably 
compliant lung model. Before interpretation of these 
results and discussion of the clinical implications, 
consideration should be given to possible limitations 
in the experimental methods and design. 

We think our flow and Vr measurements were 
accurate. The high flow regulator pressure setting 
was independently confirmed by a highly precise dry 
gas manometer. Electronic timing of the I:E ratio was 
confirmed oscilloscopically. The jet stylets were se- 
curely cemented into the sampling port of the male/ 
female outlet so that they projected into the center of 
the female outlet and movement of the tube ex- 
changer with jet injection was minimal. The integra- 
tion of V to Vr was electronic and independently 
checked by known flows for known periods of time. 
In addition, we planimetered all flow curves and 
found the integration of V to Vr to be within +2% of 
the planimetered value. The strip chart recording 
flow scale of 0-250 L/min could be read with an 
accuracy of +2.5 L/min, which represents a 1% full- 
scale error and 2% half-scale error. Similarly, we 
could read our Vr strip chart recording +20 mL ona 


Table 1. Minute Ventilation 


Minute ventilation (L/min) 


Tube Cset = 50 Cset = 30 
exchanger mL/cm H,O mL/cm H,O 
Small 18.0 13.2 
Medium 42.0 34.8 
Large 51.6 50.4 


Cset, set compliance. 
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0-2-L scale, which again represents 1% full-scale and 
2% half-scale error. 

The mechanical lung model was designed to be 
anatomically correct and clinically relevant. Our 
tracheobronchial tree had internal diameters and 
lengths similar to an adult human. We included an 
upper airway mixing chamber (for air entrainment 
and reversal of jetted flow) that had a moderate 
distensibility. The lung compliances studied spanned 
the values observed clinically. Thus, although our 
results cannot be viewed as strictly applicable to the 
healthy or diseased human respiratory system, the 
data from our model do answer the basic ventilatory 
function of a jet stylet. 

The high flow regulator, which was set to equal 
central wall pressure, was used to power the jet 
ventilator because ETTs are likely to be changed or 
removed where high-pressure sources are available: 
the intensive care unit, the operating room, the 
postanesthesia care unit, or the emergency room. The 
flow waveforms generated by central wall pressure 
and the high flow regulator are identical and un- 
changing, resulting in the same flow rates and Vr 
with every breath (5). 

The Vr generated through the tube exchanger 
during jet ventilation was moderately dependent on 
air entrainment, with the relative contribution to total 
Vr ranging from 0% to 31%. The quantitation of 
entrained volume was validated by comparing the 
measured Fao, to the calculated Fao,. The calculated 
Fao, formula makes the assumption that all the 
entrained gas is room air (Fio, = 0.21), which does 
not take into account the filling of the upper airway 
with “exhaled” gas (which has an Fio, > 0.21). 
However, the linear regression line was nearly the 
same as the line of identity with a correlation coeffi- 
cient of r = 0.95; and thus, any overestimation or 
underestimation of Fao, based on the assumption 
that entrained gas has an Fio, = 0.21, is extremely 
small. The large tube exchanger at Cset = 50 mL/cm 
H-O permitted the most air entrainment (approxi- 
mately 31% of total Vr) and was therefore associated 
with the lowest measured FAo,. The fact that air 
entrainment occurs at all is a consequence of fluid 
friction owing to viscosity, not the Venturi effect. The 
viscous shearing forces that result from jet ventilation 
cause the static layer of air around the distal end of 
the tube exchanger and along the jetted pathway to 
be dragged along and brought into the high velocity 
moving stream (6). Consequently, the moving stream 
broadens distally owing to both the angle of inci- 
dence and entrainment of air. 

For all experimental conditions, as compliance 
decreased, Vr and EEV decreased. The EEV is deter- 
mined by the balance of gas entry into and gas exit 
out of the alveolar space; when gas entry exceeds gas 
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Table 2. Minute Ventilation, Effects of Changing I:E Ratio 


LE characteristics 


Tube Inspiratory Expiratory 
exchanger time (s) time (s) Ratio 
Cset = 30 mL/cm H,O 
Small 1 1 is] 
Medium 1 3 i 
Large 1 4 1:4 
Cset = 50 mL/cm H,O 
Small 1 1 RI 
Medium 1 3 13 
Large 1 4 1:4 
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VT RR VE EEV 
(mL) (breaths/min) (L/min) (mL) 

440 30 13.2 0 
1160 15 17.4 ? minimal 
1680 12 20.2 ? minimal 

600 30 18.0 0 
1400 15 23,0 ? minimal 
1720 12 20.6 ? minimal 


Cset, set compliance; I:E, inspiratory—expiratory ratio; Vt, tidal volume; RR, respiratory rate; VE, minute ventilation; EEV, end-expiratory volume. 


exit, an increase in EEV occurs. As lung compliance 
decreases, the stiffness of the lungs inhibits gas entry 
and promotes gas exit. With the preexisting ETT in 
situ, the resistance to gas exit is initially determined, 
in part, by the internal diameter (ID) of the ETT that 
each of the tube exchangers fits through; 7.5 mm ID 
and larger, 6.0-8.5 mm ID, and 4.0-6.0 mm ID ETT 
for the large, medium, and small tube exchangers, 
respectively. Once the ETT is removed over the tube 
exchanger, the gas exit forces are then dependent on 
the internal diameter of the natural airway. Any 
narrowing of the trachea or upper airway (tracheal 
stenosis, laryngeal obstruction, or supraglottic tu- 
mors) hinders the exit of jetted gas from the alveolar 
space and causes an increase in EEV (5). A previous 
study has revealed that when the effective tracheal 
diameter decreases below 4.0 to 4.5 mm, the time for 
exhalation becomes rapidly prolonged (7). 

The I:E ratio determines, in part, the minute ven- 
tilation (VE). At an I:E = 1:1 and with the unit of time 
equal to 1 s, the respiratory rate is 30 breaths/min. 
The minute ventilations obtained at I:E = 1:1 ranged 
from 13.2 to 51.6 L/min. As a Ve of 5 L/min is 
sufficient to ventilate the lungs of the majority of 
patients, it is likely that the lowest VE obtained in this 
study of 13.2 L/min would provide effective total 
ventilation for most patients. Furthermore, if a per- 
son is breathing spontaneously and requires only 
partial ventilatory support, it is certain that all the 
test systems would effectively provide partial venti- 
latory support. Conversely, if the patient was para- 
lyzed or apneic, such that total ventilatory support 
was required and the required VE was greater than 
13.2 L/min, then the size of jet stylet that could 
provide total ventilatory support would be limited. 
The high levels of ventilation as well as the large 
increases in EEV obtained with the medium and large 
tube exchangers could lead to adverse clinical 


sequelae associated with dynamic hyperinflation; 
i.e., barotrauma and/or hemodynamic compromise. 
Shortening the inspiratory time relative to the expi- 
ratory time (from I:E = 1:1 to LE = 1:3 [15 breaths/ 
min] or 1:4 [12 breaths/min]) would result in substan- 
tially lower minute ventilations as shown in Table 2. 
These minute ventilations are still at values high 
enough to provide total ventilatory support in the 
vast majority of clinical situations. In addition, the 
longer expiratory time would allow for more com- 
plete emptying of the lungs before the next jet ven- 
tilation breath and would result in lower EEVs. 
Therefore, with regard to a favorable minute ventila- 
tion and to minimize increases in EEV during jet 
ventilation through jet stylets, it is recommended that 
I:E ratios of 1:1, 1:3, and 1:4 should be used for the 
small, medium, and large jet stylets, respectively. In 
addition, the chest should be continuously observed 
to rise and fall in a normal manner so as to prevent, 
on the one extreme, large increases in EEV and 
dynamic hyperinflation and on the other extreme, 
hypoventilation. 

These findings validate the term “jet stylet” for 
tube exchangers and the capability of a tube ex- 
changer to provide or supplement effective gas ex- 
change during extubation of the tracheas of patients 
in whom subsequent ventilation and/or reintubation 
of the trachea may be difficult. This study suggests 
further investigation delineating the effect of varying 
the power source (i.e., using various anesthesia ma- 
chines) on the flow, Vt, and VE that can be obtained 
in a similar variable lung compliance model. 
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tery disease, continues to be a significant 

cause of morbidity and mortality during the 
perioperative period (1). There are currently 68 mil- 
lon Americans with documented coronary artery 
disease, cerebrovascular disease, or hypertension (2). 
As many of these individuals are admitted for non- 
cardiac surgery, the evaluation of these patients is a 
significant aspect of our role as anesthesiologists. The 
history and physical examination together form the 
foundation of the diagnostic process and are the 
subject of excellent reviews (3,4). Here, however, 
rather than taking the more traditional approach of 
evaluating the history, physical examination, and 
determining the anatomic status of the coronary 
circulation, we have taken a more functional ap- 
proach that attempts to determine the dynamic status 
of the coronary circulation and myocardium and the 


er disease, especially coronary ar- 
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physiologic implications. Although many patients 
have suspected coronary artery disease by virtue of 
the clinical history and preoperative electrocardio- 
gram, its impact on morbidity during the periopera- 
tive period may be minimal. Alternatively, there are 
some patients with significant unsuspected coronary 
artery disease who may be at high risk of developing 
perioperative ischemia by virtue of the type and 
extent of the operative procedure. We propose that 
differences in the presentation of coronary artery 
disease may have important implications in assigning 
perioperative risk and warrant different diagnostic 
and therapeutic approaches. This review will ap- 
proach the high-risk patient on the basis of the 
presentation of coronary artery disease, the func- 
tional exercise capacity, and the extent of the surgical 
procedure as a means of assessing the risk of peri- 


operative ischemia and cardiac events. 


We propose that one method to stratify the impact 
of the surgical procedure on cardiovascular morbidity 
is to divide operations into those that are likely to 
increase perioperative ischemia and those that do not 
increase the risk of ischemia above the patient's 
normal pattern. For example, vascular procedures, 
particularly those involving aortic cross-clamping, 
cause considerable stress to the myocardium and are 
associated with a high incidence of perioperative 
ischemia (5). Additionally, infrainguinal arterial by- 
pass procedures are at a high risk of increasing 
perioperative ischemia, having recently been associ- 
ated with the highest incidence of perioperative car- 
diac events of all noncardiac procedures studied (6,7). 
The risk of myocardial ischemia and infarction is also 
increased by intraabdominal and intrathoracic proce- 
dures (8). On the other hand, peripheral nonvascular 
procedures often do not increase risk significantly. 
These procedures frequently do not require preoper- 
ative evaluation, except for patients who have had a 
recent myocardial infarction (MI). For example, trans- 
urethral resection of the prostate, a procedure fre- 
quently performed in patients with coronary artery 
disease, is associated with a low incidence of periop- 
erative MI (9). Peripheral orthopedic procedures, 
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Figure 1. Proposed algorithm for patients undergoing surgical procedures associated with a high risk of perioperative myocardial ischemia 
(i.e., abdominal aortic aneurysm resection). In these patients, further cardiovascular evaluation to delineate the extent of coronary artery 
disease is warranted if the information obtained influences clinical care (see text). 


such as total hip replacement, are at a moderate risk 
of increasing perioperative ischemia and are associ- 
ated with a low incidence of mortality (10). 

For the purposes of this review, we have proposed 
separate preoperative evaluation algorithms, one for 
patients undergoing surgical procedures associated 
with a high risk of perioperative ischemia and an- 
other for patients undergoing procedures associated 
with a low to moderate risk of ischemia (Figures 1 and 
2). We then separated patients into those with docu- 
mented coronary artery disease (i.e., previous MI, 
positive cardiac stress test, angina) and those consid- 
ered to be at risk of developing coronary artery 
disease by virtue of their clinical history and cardiac 
risk factors, in order to determine the probability of 
myocardium at risk of perioperative ischemia. The 
group of patients at low risk based on clinical history 
will not be discussed further. 


Patients With Documented Coronary 
Artery Disease 


More than six million Americans are estimated to 
have either angina or have had an MI in the past (2). 
Although virtually all of these patients have coronary 
artery disease (some may have had MI on the basis of 
coronary spasm or an embolic event), their risk of 
developing myocardial ischemia varies. Those with 


classic angina show evidence of myocardial ischemia 
during daily life, whereas those with a prior MI may 
not have ongoing ischemia or may have ongoing 
ischemia that is silent (see section on Angina). 


Prior Myocardial Infarction 


A history of MI significantly increases the patient's 
risk of a perioperative reinfarction (11-13). These 
patients have traditionally been stratified according 
to the time interval between the prior MI and the 
noncardiac operation. The occurrence of a recent MI 
remains one of the most important independent 
predictors of morbidity and mortality in several mul- 
tivariate models (8,14). 

Although an MI within the 6 mo before noncardiac 
surgery appears to have a significant effect on the risk 
of reinfarction, none of the patient groups in the 
published studies were homogeneous with regard to 
the extent of coronary artery disease and future risk. 
In the era of thrombolytic therapy for the acute MI, 
previous data on the risk of reinfarction may also no 
longer be applicable to the vast majority of patients 
(15). In the nonsurgical patient, the likelihood of 
further morbidity after experiencing a recent infarc- 
tion is best linked to the patient’s ongoing risk of 
ischemia, e.g., silent ischemia on ambulatory electro- 
cardiogram (16). Symptom-limited exercise testing 
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Figure 2. Proposed algorithm for patients undergoing surgical procedures associated with a low to moderate risk of perioperative 
myocardial ischemia (i.e., peripheral procedures). Further cardiovascular evaluation is not warranted in those with good exercise tolerance 


(see text). 


after an acute MI predicts future nonoperative mor- 
bidity and mortality (17). Therefore, the preoperative 
assessment of the patient with a recent MI may be 
best linked to the ongoing risk of myocardial isch- 
emia. 

One method of subdividing the postinfarction sub- 
set is one based on the electrocardiographic findings 
after the MI. Recent studies indicate that individuals 
who survive a non-Q wave infarction are at greater 
risk of reinfarction than those who survive a Q-wave 
infarction (18). Patients who have not had a transmu- 
ral wall infarction probably have border zones of that 
infarction that remain at high risk for subsequent 
damage. These border zones might not be present 
with a clear-cut transmural Q-wave infarction. In 
distinction, patients with complicated Q-wave infarc- 
tions frequently do not survive the immediate postin- 
farction period, but have a lower rate of reinfarction 
than non-Q wave MI after this period (19). Theoreti- 
cally, patients who have had a solitary coronary 
artery lesion and sustained a transmural infarction 
may be considered at a significantly lower risk for 
reinfarction as the area that was at risk of ischemia is 
already necrotic. Although their risk of infarction 
may be low, there may be an increased risk of 
dysrhythmias because of the necrotic myocardium. It 
is imtportant to remember (a) that the distinction 


between the Q and non-Q wave MI is an electrocar- 
diographic classification and does not necessarily 
correlate with the pathologic findings of transmural 
and subendocardial infarctions and (b) that there is 
overlap especially with the use of thrombolytic ther- 
apy (20). 

Another way to characterize recent infarction pa- 
tients is through the use of symptom-limited exercis- 
ing testing performed during the acute MI period. 
Current recommendations for the management of an 
acute MI from an American College of Cardiology/ 
American Heart Association (ACC/AHA) Task Force 
include symptom-limited exercise or cardiac catheter- 
ization for virtually all patients within 6-8 wk after an 
acute MI (21) (Figure 3). These tests provide objective 
data on the ongoing risk of myocardial ischemia in 
patients with a recent MI, and the results should be 
obtained for inclusion in the preoperative data base. 
In a recent editorial, Rosenfeld and Rogers (22) rec- 
ommended preoperative stress testing for patients 
about to undergo noncardiac surgery who had previ- 
ously experienced an MI. - 

Patients frequently do not return to normal phys- 
ical activity until at least 6 wk after an acute MI. 
Surgery within this interval will require the input of 
the cardiology consultant and further invasive or 
noninvasive assessment if not yet performed. The 
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Figure 3. American Heart Association/American College of Cardiology recommended algorithm for the evaluation of patients after an 


acute myocardial infarction. All patients have an invasive or symptom-limited noninvasive test within the first 6-8 wk 


er a myocardial 


infarction. (Reproduced with permission. Guidelines for the early management of patients with acute myocardial infarction, 1991. 


Copyright American Heart Association.) 


myocardium may be weakened during the initial 
6-wk period after an MI as it remodels and fibrosis 
develops (23). However, if patients are selected on 
the basis of a low risk of ongoing ischemia, this has 
not necessarily resulted in increased morbidity dur- 
ing this period (24). 

Based on this data, we believe that the traditional 
use of the interval from a recent MI (6 wk to 6 mo) be 
abandoned in favor of a more functional approach to 
the individual patient, particularly in the age of 
angioplasty and thrombolytic therapy for the acute 
MI. In uncomplicated non-Q wave MI, functional 
assessment may be the best predictor of nonsurgical 
cardiac events (25). The patient with a recent non-Q 
wave MI who has not returned to full exercise capac- 
ity is at a high risk of developing myocardial ischemia 
and should undergo further cardiologic evaluation. 
In such patients, if interventions are considered, coro- 
nary angiography should be considered as the initial 
diagnostic test, as the probability of a significant 
coronary artery stenosis is extremely high. If the 
patient has returned to a full exercise capacity, the 
results of exercise stress testing would be important 
in determining whether delaying surgery or a non- 
surgical approach should be considered. 

In contrast to the patient with a recent MI, the 
patient with an old MI has survived the initial critical 


period and is therefore at lower risk of reinfarction. 
After the initial 6-wk period in the patient with a Q 
wave MI or 6 mo in the non-Q wave infarct, exercise 
tolerance and anginal symptoms are important. The 
patient with angina should be evaluated as described 
subsequently. The patient with prior MI and poor 
exercise tolerance should be considered at high risk 
and should undergo further evaluation based on the 
surgical procedure and potential alterations in peri- 
operative care. This is especially important in the 
patient who has a stenotic but patent vessel from 
thrombolytic therapy but who has not undergone 
definitive revascularization. The patient who can 
perform strenuous activity and is undergoing surgery 
associated with only a low to moderately increased 
risk of perioperative ischemia will rarely require fur- 
ther testing. 

Further testing should be considered for all pa- 
tients with a previous MI whose planned surgical 
procedure raises the risk of perioperative ischemia. 
Preoperative testing should be performed as a means 
of obtaining information to improve perioperative 
care, maximizing perioperative medical therapy, and 
identifying patients who should be considered for 
coronary revascularization (Figure 4). Should inter- 
ventions be considered, both the short- and long- 
term benefits should be assessed. Hertzer et al. 
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Figure 4. Algorithm for the use of information obtained from 
noninvasive stress testing (exercise and dipyridamole-thallium 
testing). The size of the defect on thallium imaging should be used 
to determine which patients may benefit from further evaluation 
and coronary revascularization. 


(26,27) has demonstrated that long-term morbidity is 
improved by coronary artery bypass grafting before 
vascular surgery in nondiabetics under 70 yr of age 
(26,27). However, in older, diabetic patients, the 
combined risks of coronary revascularization fol- 
lowed Ey the noncardiac procedure are often greater 
than the risk of the noncardiac procedure alone, and 
long-term survival is not improved (Figure 5). Addi- 
tionally, surgery cannot be delayed for patients with 
tumors or ischemic limbs in order to perform coro- 
nary artery bypass grafting. Percutaneous translum- 
inal coronary angioplasty as well as coronary artery 
bypass grafting may improve morbidity after noncar- 
diac surgery. McEnroe et al. (28) reported excellent 
results in patients who had percutaneous translumi- 
nal coranary angioplasty performed before noncar- 
diac surgery. However, there have been no large 
studies confirming its efficacy. 

Althcugh preoperative testing by exercise or chem- 
ical stress testing is often performed to provide infor- 
mation that can be used to reduce perioperative risk, 
patients may also require preoperative testing solely 
to better estimate the perioperative risk of morbidity. 
If the risk is prohibitive, alternative therapeutic mo- 
dalities could be chosen. However, testing should be 
performed only if the results will have impact on 
care. For instance, some surgeons will perform ex- 
traanatomic bypass as opposed to aortic reconstruc- 
tive surgery in patients with severe coronary artery 
disease (29). 

Exercise electrocardiography is one of the most 
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tion. The decision to perform coronary revascularization before 
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term benefit of the coronary artery bypass grafting (CABG) or 
percutaneous transluminal coronary angioplasty (PTCA). The risk 
of revascularization before noncardiac surgery may be greater than 
the risk of the noncardiac surgery alone. For example, the risk of 
noninvasive testing (<1%) + risk of angiography (1%) + risk of 
coronary artery bypass grafting (6%-10%) + perioperative risk 
(2%-3%) + long-term risk suggests that the perioperative risk 
without revascularization must be greater than 15% for coronary 
artery bypass grafting to show a benefit. 


commonly used preoperative tests to estimate the 
risk of perioperative cardiac morbidity. It can provide 
information concerning hemodynamic thresholds for 
ischemia (30). A positive test indicates high risk. As 
exercise raises heart rate and blood pressure and 
increases myocardial oxygen consumption, it pro- 
vides an excellent assessment for the probability of 
developing ischemia during the perioperative period. 
However, a negative stress test may be misleading. 
For a negative stress test to be representative of a low 
risk, adequate myocardial oxygen utilization must be 
achieved by the patient. Stress testing reveals the 
workload at which the myocardium becomes isch- 
emic. However, ischemia may not occur at the same 
blood pressure and heart rate on the stress test as it 
would in daily life or under anesthesia. Additionally, 
the response to exercise is a marked increase in heart 
rate and only a moderate increase in blood pressure, 
whereas under anesthesia the blood pressure re- 
sponse is more significant. Avoiding these thresholds 
is no guarantee that perioperative ischemia will also 
be avoided. In fact, most ischemia occurring intraop- 
eratively is not associated with any hemodynamic 
changes (31,32). In a group of medical patients, ST 
segment depression occurred at varying heart rates 
on ambulatory electrocardiography that were lower 
than on exercise stress testing (33). The critical heart 
rate for the development of myocardial ischemia on 
exercise stress testing is lowest during the early 
morning hours (A.A. Quyyumi, personal communi- 
cation). The variation in the critical heart rate for 
ischemia may be due, in part, to the circadian varia- 
tion of coronary vasomotion (34). Panza and col- 
leagues (35) have demonstrated an increase in fore- 
arm vascular resistance in the morning that is 
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mediated by a-adrenergic vasoconstriction, speculat- 
ing that a similar phenomenon occurs in the coronary 
circulation. 

Therefore, the use of information from exercise 
stress testing to establish target heart rates may not 
accurately identify the heart rate at which ischemia 
will develop under anesthesia. A positive stress test 
should alert the anesthesiologist that the patient is at 
risk for ischemia at a wide range of heart rates, with 
the greatest risk in those who develop ischemia at 
low workloads during the test (36). It is therefore 
important to be vigilant for ischemia at heart rates 
below what is usually considered critical based on 
stress test results. 

Exercise thallium imaging is another preoperative 
test that can be used in patients who have abnormal 
electrocardiograms suggestive of ischemic heart dis- 
ease (37). In addition, thallium imaging can better 
identify the location and extent of myocardium at risk 
when compared with conventional exercise electro- 
cardiography. Quantitative discrimination of fixed 
and reversible thallium defects can distinguish scar 
from ischemia. This information is critical if either 
coronary artery bypass grafting or percutaneous 
transluminal coronary angioplasty is being consid- 
ered before noncardiac surgery, or if a large area of 
ischemia would change clinical care. 

Dipyridamole-thallium imaging has proven to be a 
highly sensitive predictor of perioperative cardiac 
events for patients who are unable to exercise (38,39). 
Dipyridamole causes vasodilation of normal coronary 
arteries, whereas stenotic vessels are already maxi- 
mally dilated (40). This results in a preferential dis- 
tribution of flow, with the area beyond a coronary 
stenosis appearing as a defect on thallium imaging. 
These defects “redistribute” as the effects of dipyrida- 
mole dissipate and flow heterogeneity normalizes. 
Defects that persist on delayed imaging (fixed de- 
fects) were thought in the past to represent an area of 
old infarction. Fixed defects on standard delayed 
imaging may, however, also occur in the presence of 
viable myocardium supplied by a critical stenosis. 
The condition has been termed “hibernating” myo- 
cardium (41). Additional imaging after a second rest- 
ing injection of thallium has been recently proposed 
to better define residual myocardial viability in the 
presence of a critical stenosis (42). Several authors 
have shown that the presence of a redistribution 
defect is predictive of postoperative cardiac events in 
patients undergoing peripheral vascular surgery 
(38,39). However, significant morbidity has also been 
reported in patients with normal scans or fixed de- 
fects (28,43-45). The overall sensitivity of dipyrida- 
mole thallium scintigraphy for the detection of coro- 
nary artery disease is comparable to exercise thallium 
scintigraphy (40). In rare circumstances, the test may 
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appear normal in patients with severe three-vessel 
disease as there is no normal myocardium to produce 
a maldistribution of flow (46). Bertrand et al. (47) 
reported that left main or right coronary artery le- 
sions also are not as easily detected. Therefore, for 
patients at high risk of developing coronary artery 
disease, the absence of a reversible defect does not 
guarantee the absence of significant coronary artery 
disease. Because the test reflects characteristics of 
coronary flow rather than ischemia, the test is limited 
to determining the quantity of myocardium at risk 
from reduced perfusion distal to a coronary artery 
stenosis and not the risk of developing myocardial 
ischemia at a critical heart rate. Mangano et al. (43) 
have questioned the sensitivity of the test to predict 
perioperative ischemia and cardiac events in vascular 
surgery patients with the clinicians blinded to the 
results of the test. The availability of several new 
techneticium 99 labeled perfusion agents in conjunc- 
tion with single photon emission computed tomog- 
raphy imaging may improve the sensitivity and spec- 
ificity for the detection of coronary artery disease (48). 
The role of pharmacologic stress with the coronary 
vasodilator adenosine is under evaluation and may 
replace dipyridamole stress in those patients who 
cannot exercise (49). In the future, positron emission 
tomography imaging may also have an important 
clinical role for the assignment of preoperative risk 
when the results of conventional imaging and clinical 
parameters are conflicting (50). 

Patients with a positive preoperative nuclear car- 
diology imaging test that demonstrates a larger 
reversible defect should undergo coronary catheter- 
ization if intervention is considered (Figure 4). Coro- 
nary catheterization should be considered as an initial 
test in any patient for whom the pretest probability of 
active ischemia is high and who is a candidate for 
coronary revascularization. For example, Eagle et al. 
(51) demonstrated that patients with three or more 
clinical risk factors (angina, age >70 yr, diabetes, Q 
waves, ventricular ectopy requiring treatment) un- 
dergoing peripheral vascular surgery had a 50% inci- 
dence of perioperative cardiac events (cardiac death, 
MI, unstable angina, ischemic pulmonary edema) 
regardless of the test results (51). In such patients, a 
negative noninvasive test is most likely a false- 
negative and they recommend coronary catheteriza- 
tion as the primary testing modality. 

In addition to a recent MI, the presence of conges- 
tive heart failure is also a strong predictor of periop- 
erative cardiovascular morbidity. Therefore, in addi- 
tion to assessing the risk of perioperative ischemia, it 
is important to assess baseline cardiovascular func- 
tion and to obtain the history of the impact of 
ischemia on left ventricular function if the informa- 
tion is available. Specifically, a history of dyspnea 
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with either exertion or angina suggests ischemic left 
ventricular dysfunction. This information is impor- 
tant because in the patient with coronary artery 
disease. a perioperative decrease in blood pressure 
may reflect either decreased preload or myocardial 
ischemia with left ventricular dysfunction. As the 
treatment of these two conditions is very different, 
the preoperative assessment could be used to identify 
patients in whom information obtained from a pul- 
monary artery catheterization could be of great ben- 
efit. 

Current signs of congestive heart failure can be 
identified with the physical examination. An S3 gal- 
lop has been found to be a multivariate predictor of 
perioperative cardiac events (8). For further evalua- 
tion of the current status, a chest radiograph and/or 
arterial blood gas analysis can be obtained. 

An objective measure of left ventricular function 
can be obtained from a resting left ventricular ejection 
fraction (LVEF). The utility of the resting LVEF is 
controversial. Although the LVEF on radionucleotide 
angiocardiography (MUGA) has been predictive of 
outcome in several studies, in others it has not 
(28,52,53). This most likely reflects the many possible 
causes of a low LVEF in some patients. Patients who 
have sustained an MI and continue to have areas of 
myocardium at risk can develop further depression of 
cardiac function from ischemia during the periopera- 
tive period. If the low LVEF is nonischemic in origin, 
then continued deterioration in function will not 
occur perioperatively unless myocardial depressant 
agents are used. In the patient who is able to perform 
strenuous activity, ventricular function is presumably 
good. The resting LVEF therefore provides a baseline 
assessir-ent of function that is most useful for patients 
with documented coronary artery disease with a poor 
or questionable exercise tolerance. 

More important than the resting ejection fraction is 
the functional response to stress. Exercise and dipyr- 
idamole echocardiography have recently been recom- 
mendec. as accurate methods of assessing dynamic 
myocardial reserve (54,55). Used by. one group to 
evaluate patients before vascular surgery, dipyr- 
idamole echocardiography was reported as being 
highly sensitive and specific for predicting cardiac 
events including cardiac death, MI, unstable angina, 
and pulmonary edema (56). However, many centers 
do not perform this test as it requires special training. 
Exercise radionuclide ventriculography also offers a 
means of assessing dynamic ventricular function, 
with an exercise-induced reduction in ejection frac- 
tion being the only predictor of death and recurrent 
infarction in one post-MI study (57). However, the 
utility of this test has not been determined during the 
perioperative period. A simpler indication of ventric- 
ular dysfunction relies on standard exercise electro- 
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cardiography during which a decrease in blood pres- 
sure is an extremely sensitive marker (30). Therefore, 
those tests that provide a functional assessment of 
the ventricular response to stress may provide the 
best predictors of perioperative morbidity. 


Angina 


Patients with a history of angina are now considered 
to be at increased risk of developing perioperative 
ischemia. In the original work by Goldman, chronic 
stable angina was not predictive of perioperative 
cardiac morbidity; however, NYHA class IV angina 
was excluded from the index because of the small 
number of patients with this diagnosis (8). In a more 
recent study, Shah et al. (58) found that chronic stable 
angina was a significant predictor. Additionally, a 
subset of patients with chronic stable angina—those 
who demonstrate perioperative myocardial isch- 
emia—have been shown to have a higher risk of 
perioperative cardiac events (6,7,59). 


Chronic stable angina. For patients with chronic 
stable angina, it is important to perform tests that will 
be of clinical significance. As part of the history, it is 
important to determine the pattern and associated 
symptoms of the patient’s angina. Those patients 
who experience an unchanging pattern of symptoms 
are classified as having chronic stable angina. It is 
important that such patients be in optimal medical ° 
condition before the procedure. The primary care- 
giver (internist or cardiologist) can best provide such 
information. 

For patients with frequent eral symptoms or 
angina with a poor exercise tolerance, the likelihood 
of developing ischemia during a stress test is nearly 
100%, and thus the test provides the clinician with 
little additional diagnostic information. Equally impor- 
tant, a negative test result in such cases is usually a 
false-negative (60). However, pertinent information 
might be obtained from an evaluation with scintigra- 
phy, which may provide an index of the extent and 
area of myocardium at risk. This information would 
then help to determine whether or not the patient 
may benefit from coronary revascularization. Addi- 
tional important information includes the LVEF, the 
current medical regimen, the area at risk, and finally 
the coronary anatomy (61). If percutaneous translum- 
inal coronary angioplasty or coronary artery bypass 
grafting are options, coronary angiography might be 
initially considered rather than noninvasive testing. If 
neither percutaneous transluminal coronary angio- 
plasty nor coronary artery bypass grafting are op- 
tions, and the noncardiac surgery is required, no 
further testing would be warranted. If alternative 
procedures or nonsurgical treatment are considered, 
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an exercise or dipyridamole thallium scan can be 
performed to determine if the extent and area of 
myocardium at risk of ischemia places the patient at a 
prohibitive risk for the original procedure. Therefore, 
for patients with chronic stable ischemia, preopera- 
tive testing should be performed only if perioperative 
care is to be changed on the basis of the results. 

Relying solely on history to assess risk has its 
limitations. Recent evidence indicates that for pa- 
tients with chronic stable angina, approximately 75% 
of all ischemic episodes as defined by electrocardiog- 
raphy, echocardiography, or nuclear imaging occur 
without symptoms (62). These episodes are termed 
silent ischemia. Additional objective data may be 
necessary if the degree of perioperative stress associ- 
ated with the planned surgical procedure is great, 
i.e., abdominal aortic aneurysm resection. Therefore, 
in the patient undergoing abdominal aortic resection, 
those patients who have documented coronary artery 
disease or a history of diabetes should undergo 
further testing regardless of history. 


Unstable angina. In contrast to stable angina, un- 
stable angina is defined as a recent increase in fre- 
quency and duration of symptoms, and is associated 
with considerably higher long-term morbidity (63). 
The cardiologist can provide historical information 
with which to better assess the current anginal pat- 
tern. There is often an acceleration of coronary ath- 
erosclerosis, which can be exacerbated by the 
changes in platelet adhesion during the perioperative 
period (64). During the postoperative period, many 
of the treatments for acute ischemic syndromes, 
including acute MI, ‘are contraindicated (i.e., percu- 
taneous transluminal coronary angioplasty, throm- 
bolytic therapy) (65). Shah et al. (58) found that in 7 of 
25 (28%) patients with unstable angina undergoing 
noncardiac surgery a perioperative MI or cardiac 
- death developed: Therefore, patients with unstable 
angina represent a prohibitive perioperative risk, and 


noncardiac operations should be performed only in. 


emergent situations. One possible method for reduc- 
ing risk in an emergency situation is the perioperative 
use of an intraaortic balloon pump as a bridge until 
more definitive cardiac treatment can be imple- 
mented (66,67). 


Patients at Risk of Developing Coronary 
Artery Disease 


The signs of coronary artery disease are sometimes 
occult. Coronary artery disease is suspected in many 
patients by the presence of known risk factors (i.e., 

age, hypertension, diabetes): For many patients, an- 
gina does not necessarily occur during normal daily 
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activity, but myocardial ischemia may develop during 
the increased: stress of the perioperative period (68). 
In addition, hypertensive and diabetic patients are 
particularly prone to silent ischemia and never man- 
ifest overt symptoms (69). Additionally, some pa- 
tients at risk of developing coronary artery disease 
may have minimal coronary artery disease preopera- 
tively, which progresses to a hemodynamically sig- 
nificant coronary stenosis: that leads to myocardial 
ischemia during the perioperative period. Therefore, 
the probability of silent coronary artery disease in the 
individual patient must be determined based on 
clinical history and data from epidemiologic studies 
assessing risk. | 


Hypertension 


According to the Framingham study, of the numer- 
ous factors linked to the development of coronary 
artery disease, hypertension is one of the most sig- 
nificant (70). Patients with hypertension have a 
higher incidence of silent MIs than the general pop- 
ulation (69). However, a history of hypertension has 
not been associated with increased perioperative 
morbidity (71). This may be due to the wide variabil- 
ity in the hypertensive population. Hypertension 
may affect perioperative morbidity through the extent 
of end-organ damage and not the manifestation of 
the disease itself. 

A manifestation of chronic hypertension may be 
that left ventricular hypertrophy carries a higher risk. 
With hypertensive individuals, future cardiovascular 
complications appear to correlate better with the 
mean 24-h blood pressure than with isolated mea- 
surements (72). When evaluating the hypertensive 
patient, one should look for any radiographic or 
electrocardiographic signs of left ventricular hyper- 
trophy, which signifies long-standing poorly con- 
trolled hypertension. Left ventricular hypertrophy 
can increase the risk of developing myocardial isch- 
emia from imbalances of supply and demand or 
reserve regardless of the presence or absence of 
coronary artery disease (73). One investigator pro- 
posed that the strain pattern seen occasionally with 
left ventricular hypertrophy represents a chronic isch- 
emic state (74). In a study of high risk noncardiac 
patients, left ventricular hypertrophy diagnosed by 
electrocardiography was associated with a signifi- 
cantly higher incidence of postoperative myocardial 
ischemia (20/26 patients or 77%) when compared to 
patients with coronary artery disease without left 
ventricular hypertrophy (57/135 patients or 42%) (75). 
Therefore, if left ventricular hypertrophy is present, 
the risk for perioperative ischemia should be sus- 
pected, and further evaluation is warranted in pa- 
tients undergoing major surgery. 
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Initial preoperative blood pressure readings may 
help predict perioperative hemodynamics. A study of 
surgical patients revealed that those who had poorly 
controlled hypertension on admission and who were 
not treated responded to laryngoscopy and intubation 
with higher mean arterial blood pressure than those 
who were either normal or received medical treatment 
(76). Of the patients found to have myocardial isch- 
emia, 75% required intraoperative vasodilator therapy. 
In contrast, patients with either normal blood pressure 
on admission or adequately treated hypertension had 
an uneventful periinduction course. 

When assessing preoperative hypertension, both 
diastolic and systolic blood pressure is important. A 
reexamination of several large-scale studies concern- 
ing treatment of hypertension suggests that systolic 
hypertension may be as important a predictor of 
long-term morbidity as diastolic hypertension (77). 
On the other hand, overaggressive treatment of hy- 
pertension can produce an increase in morbidity and 
mortality (78) (Figure 6). This is thought to be due to 
lowering diastolic blood pressure to a level below 
which adequate perfusion pressure is not maintained 
in patients with coronary artery disease. We believe 
that hypertensive patients without evidence of left 
ventricular hypertrophy or other risk factors are at a 
lower perioperative risk and do not require further 
evaluation for most operations. 


Diabetes 


Besides hypertension, diabetes is also a risk factor for 
coronary artery disease. Among diabetics, there is a 
high incidence of silent myocardial ischemia and 
infarction (69). The absence of symptoms in these 
patients appears to correlate with their autonomic 
dvsfunction rather than changes in pain perception 
(79). Therefore, history alone is a poor indication of 
risk for coronary artery disease. In this group, the 
preoperative electrocardiogram is useful for evalua- 
tion of silent coronary artery disease. 

Diabetes markedly accelerates the development of 
arteriosclerosis. Diabetics undergoing peripheral vas- 
cular surgery are more likely to have coronary artery 
disease and an adverse perioperative cardiac event 
(51). The increased risk is extended to nonvascular 
surgery patients as well (6). Thus, all patients with 
long-standing diabetes are at a higher suspicion for 
coronary artery disease. However, a single risk factor 
is probably not enough of an indication to do further 
testing except in patients undergoing abdominal aor- 
tic surgery: 


Although both hypertension and diabetes increase _ 


the risk of developing coronary artery disease, the 
interaction of multiple factors appears to be essential 
for the progression of coronary atherosclerosis (80). 
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Figure 6. Pooled data from multiple studies on the incidence of 
death from myocardial infarction in hypertensive patients with or 
without ischemic heart disease compared with diastolic blood 
pressure. In patients with ischemic heart disease, the incidence of 
death from a myocardial infarction increases in treated hyperten- 
sives as diastolic blood pressure is reduced below 85 mm Hg. The 
increased morbidity is presumably due to a reduction in coronary 
perfusion pressure. (Reprinted with permission from Farnett L, 
Mulrow CD, Linn WD, Lucey CR, Tuley MR. The J-curve phenom- 
enon and the treatment of hypertension: is there a point beyond 
which pressure reduction is dangerous? JAMA 1991;265:489-5. 
Copyright 1991, American Medical Association.) 


Smoking, advanced age, male gender, and hypercho- 
lesterolemia all interact with diabetes and hyperten- 
sion to accelerate the development of coronary sten- 
oses. Therefore, the presence of a number of these 
factors places the patient at high risk for coronary 
artery disease. 


Need for Further Evaluation 


Whether or not further testing is necessary in the 
patient at risk for coronary artery disease depends on 
the probability of coronary artery disease as well as 
the utility of the diagnostic information obtained. In 
patients undergoing nonvascular surgery, the pres- 
ence of two or more risk factors (diabetes, hyperten- 
sion, smoking, hypercholesterolemia, age >70 yr) 
places the patient at a high suspicion for coronary 
artery disease (7). In contrast to patients undergoing 
peripheral vascular surgery who are limited in activ- 
ity by vascular disease, nonvascular patients are often 
ambulatory. Therefore, one must begin with a thor- 
ough history to determine exercise tolerance. 
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From our observations, the patient with an excel- 
lent exercise tolerance usually does not require fur- 
ther preoperative testing under most clinical situa- 
tions. For operations that do not involve large fluid 
shifts, the risk of perioperative morbidity is small. For 
these patients who are undergoing major intraab- 
dominal surgery, the need for more objective data 
must be individualized. Tests are best used in those 
patients for whom the probability of coronary artery 
disease is in the moderate range (30%—40%) (60). In 
those patients for whom the diagnosis of coronary 
artery disease would have no impact on perioperative 
care, testing should not be performed. If a diagnosis 
of coronary artery disease would impact on care, 
exercise electrocardiography is the initial test of 
choice. This will detect patients with silent myocar- 
dial ischemia and is easy to perform at minimal 
expense. In patients with an abnormal baseline elec- 
trocardiogram, stress thallium imaging can provide 
evidence of ischemia. If the test is positive, discussion 
with a cardiologist is essential to determine the extent 
of further evaluation and perioperative medical man- 
agement. 

The patient with a poor or questionable exercise 
tolerance presents a difficult diagnostic dilemma. If the 
patient has two or more risk factors for coronary artery 
disease and is undergoing major surgery, further eval- 
uation of the ischemic potential is warranted. Although 
exercise stress testing would be a useful assessment of 
ischemia, these patients are often unable to exercise to 
adequate workloads. Dipyridamole-thallium imaging 
has been recommended in nonvascular surgery pa- 
tients and found to be predictive of perioperative 
morbidity (81). However, the significant expense of 
dipyridamole-thallium imaging reduces its desirability 
as a routine part of the workup (82). Alternatively, we 
have studied the predictive value of preoperative silent 
ischemia on ambulatory electrocardiography in nonvas- 
cular surgery patients and found it to have a 38% 
positive predictive value and 99% negative predictive 
value (6). This test has its limitations, which were 
described in a previous section. As ambulatory electro- 
cardiography provides results similar to dipyridamole- 
thallium imaging and is associated with lower morbid- 
ity and cost, it may be the preferable initial diagnostic 
test. However, the American Heart Association does 
not currently recognize ambulatory electrocardio- 
graphy as a preoperative diagnostic test for coronary 
artery diseases (83). The result of the preoperative test 
can be used to start appropriate patients on antiis- 
chemic medications or to consider coronary revascular- 
ization before the noncardiac procedure. 

For the patient with a poor exercise tolerance, an 
assessment of functional myocardial reserve is impor- 
tant. The poor exercise tolerance may be also due to 
fatigue or myocardial dysfunction. It is likely that 
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patients with poor exercise tolerance who also dem- 
onstrate silent ischemia on preoperative testing 
would be at significant risk of developing further 
ventricular dysfunction perioperatively. An assess- 
ment of baseline LVEF would therefore be helpful. If 
the ischemia risk is low, assessment of resting LVEF 
might help differentiate an unsuspected cardiomyop- 
athy from a noncardiac origin as a cause for poor 
exercise tolerance. Similar to the cardiac patient, a 
dynamic assessment of ventricular function would be 
the ideal test. Therefore, preoperative quantification 
of LVEF should be performed in patients with a poor 
exercise tolerance and a high risk of perioperative 
ischemia or in whom a cardiomyopathy is suspected. 


Peripheral Vascular Disease 


In contrast to the nonvascular surgery patient, the 
patient undergoing peripheral vascular surgery either 
cannot exercise or strenuous exercise is not recom- 
mended (abdominal aortic aneurysm). The probabil- 
ity of coronary artery disease is known to be high 
among this group of patients (84). In addition, they 
are also at a significant risk of perioperative cardio- 
vascular morbidity (85). Therefore, their evaluation 
must be based on the coexisting risk factors as a 
means of determining the probability of coronary 
artery disease. Dipyridamole-thallium imaging is the 
noninvasive test currently preferred for predicting 
perioperative cardiac events, although its usefulness 
is currently being debated as previously discussed. 
Several studies found the presence of a reversible 
defect to be the best predictor of perioperative mor- 
bidity. Patients with reversible defects can be further 
stratified according to the size of the defect, with 
larger areas denoting higher risk (86). Eagle et al. (51) 
has attempted to apply clinical risk stratification to 
the preoperative testing protocol (Figure 7). They 
identified five clinical risk factors (diabetes, angina, 
ventricular ectopy, age >70 yr, Q waves on electro- 
cardiogram) that were independently predictive of 
perioperative cardiac morbidity. If more than two of 
the five risk factors were present, further testing did 
not provide additional information as the probability 
of coronary artery disease was very high and the 
incidence of sustaining a perioperative cardiac event 
was 50%. For these situations, therefore, they recom- 
mend cardiac catheterization as an initial evaluation. 
Patients with no risk factors were considered at low 
risk, and the test did not prove predictive. The test 
was most predictive in the group with one or two risk 
factors. Before undertaking either dipyridamole- 
thallium imaging or coronary catheterization, the 
utility of the information for clinical decision-making 
should be evaluated. In the patient with three or 
more risk factors in whom surgery is required, and 
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Figure 7. Algorithm to improve the predictive ability of dipyrida- 
mole-thallium imaging for cardiac morbidity after major vascular 
surgery by combining it with clinical variables. The clinical varia- 
bles included Q wave, advanced age, angina, diabetes, and ven- 
tricular ectopic activity requiring treatment. In patients with either 
none or three or more clinical variables, the test is less useful 
because of either low or high morbidity regardless of the result. 
Dipyridamole-thallium imaging was found to be most useful in 
those patients with one or two clinical variables and therefore at 
moderate risk. (Reproduced with permission from Eagle KA, Coley 
CM, Newell JB, et al. Combining clinical and thallium data opti- 
mizes preoperative assessment of cardiac risk before major vascu- 
lar surgery. Ann Intern Med 1989;110:859-66.) 


revascularization is not an option, the information 
obtained is not useful. 

Similar to the nonvascular surgery patient, the use 
of preoperative ambulatory electrocardiographic re- 
corders has been proposed in vascular surgery pa- 
tients. Raby et al. (59) demonstrated that the presence 
of preoperative ischemia was associated with periop- 
erative cardiac events in 38% of patients. More im- 
portantly, the absence of silent ischemia was associ- 
ated with an excellent outcome. Although other 
investigators found similar positive predictive values 
of preoperative silent ischemia, they were unable to 
confirm the excellent negative predictive value (6,56). 
Abraham et al. (87) compared preoperative Holter 
monitoring with dipyridamole-thallium imaging in 
vascular patients and found dipyridamole-thallium 
imaging to be superior in a series of 48 patients. As 
the percentage of vascular patients who are truly 
ambulatory varies, further studies will be necessary 
to determine the true value of preoperative Holter 
monitoring. The much lower cost of Holter monitor- 
ing compared to dipyridamole-thallium imaging sug- 
gests that this modality may offer a valuable alterna- 
tive for screening patients at low to moderate risk, 
with dipyridamole-thallium imaging reserved for 
those patients who are at the highest risk. 


Summary 


The preoperative assessment of the high risk patient 
undergoing noncardiac surgery has traditionally been 
based on history, physical examination, and preoper- 
ative testing. We propose a method of assessing 
preoperative risk based on the presentation of coro- 
nary artery disease, exercise tolerance, and extent of 


ANESTH ANALG 
1992;74:586-98 


the surgical procedure. Since this is an evolving field, 
as new information and perioperative management 
techniques become available, the preoperative evalu- 
ation of the high risk patient will change. We have 
presented one approach based on our interpretation 
of data from the current anesthesiology and cardiol- 
ogy literature. In the patient with a recent MI, the 
predischarge symptom-limited stress test and the 
electrocardiographic classification can be used to bet- 
ter stratify risk. In the patient with angina, testing 
should be reserved for those patients who are candi- 
dates for coronary revascularization or alternative 
surgical procedures. In the patient at risk of but 
without overt symptoms of coronary artery disease, 
the number of clinical risk factors can determine the 
probability of coronary artery disease in the individ- 
ual patient. The decision to perform preoperative 
revascularization should be based on its anticipated 
improvement of both the short- and long-term prog- 
nosis of the patient considering the risk of such 
procedures. The objective assessment of LVEF 
should be performed in patients with a poor exercise 
tolerance with either a high risk of perioperative 
ischemia or a suspicion of cardiomyopathy. 
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CASE REPORTS 


Importance of Documenting Complete Sympathetic 
Denervation After Sympathectomy 


Honorio T. Benzon, MD 


Department of Anesthesia, Northwestern University Medical School, Chicago, Illinois 


sympathectomy may be due to inadequate sur- 

gical excision, surgery for pain incorrectly per- 
ceived as sympathetically mediated, or regeneration 
of the nerves, as well as crossover of sympathetic 
fibers from the opposite side (1,2). This is a report of 
a patient who continued to exhibit some of the 
symptoms of sympathetically maintained pain (SMP) 
several months after two surgical lumbar sympathec- 
tomies and had four intravenous regional guanethi- 
dine blocks with inconsistent responses. The use of 
the cobalt blue sweat test and sympathogalvanic 
response (SGR) helped determine whether complete 
sympathetic denervation of the involved lower ex- 
tremity had been achieved. 


l lhe persistence of pain long after a surgical 


Case Report 


A 20-yr-old woman was referred to our pain control 
service for intravenous regional guanethidine blocks. 
She had undergone bunionectomy on her left foot 
14 mo earlier. A few weeks later, she had burning 
pain, swelling, extreme sensitivity to touch, cyanosis, 
and coldness of her foot. A diagnosis of SMP was 
made. She had three series of epidural sympathetic 
blocks with bupivacaine in different hospitals. These 
series consisted of daily epidural injections for 4 days, 
three epidural injections a week for 2 wk, and, two 
epidural sympathetic blocks given over a 1-wk pe- 
riod. The patient responded to each series of epidural 
injections only temporarily. A left lumbar paraverte- 
bral surgical sympathectomy performed 5 mo after 
the last epidural sympathetic block resulted in de- 
creased sensitivity and increased warmth of her foot 
for 2 wk, but the pain intensity remained the same. 
Physical therapy, occupational therapy, and acu- 
puncture treatments were also done, none of which 
relieved her pain. 
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A repeat surgical sympathectomy at the same 
paravertebral levels performed 3 mo after the first did 
not provide added benefit. Sweat tests, SGRs, or skin 
temperatures were apparently not obtained after the 
sympathectomies. When seen at a pain management 
center, she received carbamazepine and amitrip- 
tyline. She later saw a physician in another city where 
she was treated with regional intravenous guanethi- 
dine. She had complete relief from the guanethidine 
block for 8 h and was referred to our service for 
additional guanethidine treatments. We saw the pa- 
tient 4 wk after the initial guanethidine block. Further 
questioning revealed that she had had an L4-5 lami- 
nectomy 4 yr previously for radicular left leg pain. 
She has had no back or radicular leg pain since the 
laminectomy. Physical examination showed no limi- 
tation of her back movement, and straight leg raising 
was 90° bilaterally. She had marked weakness of the 
muscles of her left leg and foot, and her left ankle jerk 
was diminished. Her left foot was dry, parched, 
hypersensitive to touch and showed trophic changes. 
There was no swelling or cyanosis. Temperature was 
30°C on her right foot and 31°C on her left foot. 

An intravenous regional guanethidine block using 
40 mg of guanethidine in 50 mL of 0.5% lidocaine 
provided no relief. Two more guanethidine blocks 
done at 7 and 3 days after the preceding block 
resulted in 6 h of pain relief each time. Because of her 
equivocal responses to the guanethidine injections, a 
cobalt blue sweat test was done and SGRs were 
determined (3). While her right toes sweated (change 
of color from blue to pink), her left toes did not. Her 
right toes sweated spontaneously while her left toes 
did not sweat even after an attempted induction of 
sweating with a light bulb placed near her toes for 
20 min (3). While her right foot had positive SGRs to 
deep breath, pin prick, and loud noise, she had no 
response on her left foot even with repeated stimu- 
lations (Figure 1). Further guanethidine blocks were 
not done. She was seen by a neurosurgeon who 
implanted a dorsal column stimulator after an initial 
successful trial of epidural stimulation via percutane- 
ous electrodes. When contacted a few months later, 
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Figure 1. eon UAN response of the patient to deep 
breath. Note the positive response on the right leg (A) and the 
negative response on the left leg (B). 
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she stated that her pain was being controlled by the 
dorsal column stimulator and the amitriptyline. 


Discussion 


The patient had the classic signs and symptoms of 
SMP (4) after her bunionectomy. She had burning 
pain and her left foot was swollen, cold, cyanotic and 
sensitive to touch. After her sympathectomy, how- 
ever, some of these symptoms were either absent 
(sweating, cyanosis, swelling, coldness) or equivocal 
(the pain was intermittently burning and sharp in 
character). Her left foot was also warmer than her 
right foot. The trophic changes may have been the 
result of the sympathectomy, whereas the hypersen- 
sitivity may have been due to neuralgic pain or been 
related to the patient's exaggerated response to a 
physical examination. Her temporary responses to 
the guanethidine blocks could have been due to the 
lidocaine used in the block as well as placebo re- 
sponses (5). The diagnosis of SMP at the time we saw 
her was therefore questionable. The lack of consistent 
and prolonged relief after the guanethidine blocks 
prompted us to check for the presence of sympathetic 
nerve supply to her left foot. 

The patient had surgical sympathectomies 9 and 
6 mo before we saw her. A test of sympathetic 
innervation to her left foot was not done after the 
sympathectomies so we could not attest to the com- 
pleteness of sympathetic denervation. When we saw 
her, regeneration of the nerves was possible as the 
mean duration of effective sympathectomy is 6 mo 
(6,7). We proceeded with the regional intravenous 
guanethidine blocks, rather than perform SGR and 
sweat tests, because of her favorable response to the 
initial guanethidine block given at the other pain 
management center. 
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The patient’s pain may be somatic-sensory medi- 
ated, related to her bunionectomy or even to her 
radiculopathy. Her previous bunionectomy could be 
the cause. Injury to the bone or peripheral nerves 
during the bunionectomy may continue to activate 
the nociceptors in the area and the afferent nocicep- 
tive impulses carried via the somatic-sensory A delta 
and C fibers. Lumbar radiculopathy was ruled out as 
the main cause of her pain because of the lack of 
temporal relationship to her present pain problem 
and the absence of physical findings referrable to a 
radiculopathy. She had been asymptomatic for 4 yr 
after her laminectomy and her pain was not radicular 
in character. Her straight leg raising was 90° and 
there was no limitation of her back movement. Her 
pain may also have a central component. A diagnos- 
tic differential spinal or a modified differential spinal 
was not done because of problems associated with 
interpretation of the results (5,8,9). A differential 
epidural was not ideal in this patient because uniform 
diffusion of the local anesthetic within the epidural 
space could not be guaranteed after her laminectomy. 
A lumbar paravertebral sympathetic block could have 
been done, but bilateral injections would be neces- 
sary to rule out crossover of the sympathetic fibers. 
However, the performance of a bilateral paravertebral 
sympathetic block was rendered unnecessary by the 
use of the SGR and sweat test. The negative sweat 
test and the lack of response to the three SGR stimuli 
proved the absence of sympathetic innervation to the 
patient’s left foot. 

Evidence of complete interruption of the sympa- 
thetic nerve pathways is accomplished by the use of 
SGR or sweat tests (1,3,7,10,11). The use of these 
tests to critically evaluate the adequacy of sympath- 
ectomy is not widely carried out (1,7). The lack of 
popularity of these tests may be due to the complex- 
ity of the tests and the necessity for rigorous stan- 
dardization of test conditions (3,10). Additional dis- 
advantages of the SGR include the difficulty of 
obtaining satisfactory recordings under clinical con- 
ditions (see Figure 1, the SGR initially went beyond 
the scale), marked variations in the response of 
patients to the different stimuli, and habituation of 
the patient after repeated SGR testings (3,10,12). In 
spite of these difficulties, documentation of complete 
sympathetic denervation is important in deciding 
whether a painful condition is sympathetically medi- 
ated or not (13). The patient described is a good 
example of the necessity to perform these tests. 

In summary, a patient with possible persistent 
SMP after two surgical sympathectomies is described. 
Her pain turned out to be somatic-sensory mediated, 
probably related to her previous bunionectomy. The 
lack of sympathogalvanic response and the absence 
of sweating in the patient's left foot provided evi- 
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dence that there was no sympathetic innervation to 
the area. These tests are recommended when the 
history is complicated or when the symptoms and 
physical findings are equivocal. The use of these tests 


clarifies the clinical 


picture, prevents unnecessary 


diagnostic tests and/or treatments, and leads to ap- 
propriate therapy. 
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Endotracheal Intubation 


Evan D. Kharasch, MD, PhD 


Department of Anesthesiology, University of Washington Medical Center and the Anesthesiology Service, Veterans 
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ngioedema involving the airway is a poten- 

tially life-threatening event. Recently, angio- 

edema of the oropharynx or larynx has 
been recognized as an unusual complication of 
angiotensin- converting enzyme (ACE) inhibitor ther- 
apy. Angiotensin-converting enzyme inhibitor- 
induced angioedema usually manifests spontane- 
ously within hours to days of initiation of treatment. 
This report describes a patient in whom ACE inhibi- 
tor-induced angioedema developed in association 
with anesthesia and tracheal intubation. 


Case Report 


The patient was a 67-yr-old man scheduled to un- 
dergo release of a Dupuytren’s contracture and pos- 
sible tendon transfer. He had a history of hyperten- 
sion for which he was taking enalapril 5 mg bid, 
which began 10 days before surgery. He was taking 
no other medications, and his medical history and 
physical examination were otherwise unremarkable. 
Anesthesia was induced with intravenous thio- 
pental. Laryngoscopy was performed with a Miller 2 
blade, and the trachea was intubated atraumatically 
with an 8.0-mm cuffed polyvinylchloride oral endo- 
tracheal tube after the intravenous administration of 
succinylcholine. Anesthesia was maintained with 
isoflurane in oxygen. At the conclusion of the 45-min 
surgical procedure, anesthesia was discontinued, the 
oropharynx was suctioned using a Yankauer tip suc- 
tion catheter, and the trachea was extubated with the 
patient awake and without coughing. He was trans- 
ported to the recovery room awake and talking, 
receiving supplemental oxygen via a mask. 
Approximately 15 min after extubation, the patient 
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complained of a swollen tongue and trouble talking. 
Examination revealed marked dysarthria, without 
dysphagia or problems swallowing secretions. There 
was firm, nonpruritic, nonpainful, nonpitting swell- 
ing of the anterior one-half of the tongue, which 
protruded slightly from the mouth when open. The 
swelling was initially greater on the left but bilateral 
soon thereafter. The posterior tongue, floor of the 
mouth, and submandibular region were soft and 
nonedematous, the palate was midline, and the pos- 
terior oropharynx was normal. The patient noted no 
shortness of breath or problems breathing, and was 
without hoarseness or stridor. 

After otolaryngologic consultation, the patient was 
treated with diphenhydramine 50 mg IV and ob 
served in the recovery room for approximately 5 h. 
There was no further progression of the angioedema, 
which began to subside at the end of the observation 
period. The patient was transferred to the ward and 
discharged from the hospital the following day. He 
was advised to report the angioedema immediately to 
his prescribing physician and to discontinue the 
enalapril pending such consultation. 


Discussion 


Angiotensin-converting enzyme inhibitors have been 
highly effective in the treatment of hypertension 
and congestive heart failure, and their clinical use 
is increasing. Accumulated case reports and post- 
marketing surveillance have only recently demon- 
strated angioedema to be a rare but potentially life- 
threatening side effect of ACE inhibitor therapy (1-3). 
The reported cumulative incidence of angioedema for 
all ACE inhibitors (captopril, lisinopril, enalapril) is 
0.1% but may be slightly higher for enalapril (0.2%) 
(2-4). It has recently been suggested, however, that 
ACE inhibitor angioedema is more common than the 
reported incidence and frequently is unrecognized 
(5). A retrospective study of 36,000 patients receiving 
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enalapril showed that 60%-70% of cases of angio- 
edema occurred within the first week of administra- 
tion (3). The remainder occurred after the first week 
of treatment, and angioedema has been reported to 
occur suddenly after months to years of therapy 
(5-8). 

Angioedema is a common phenomenon, present- 
ing as circumscribed nonpitting erythematous cuta- 
neous swellings of variable size (9). It occurs in the 
subcutaneous tissue which is relatively void of nerve 
endings and is therefore nonpruritic, unlike urticaria 
which occurs in the deep dermis and is pruritic (9). 
Angioedema owing to allergy, infection, stings, or 
genetic causes may occur anywhere on the body. 
Angioedema associated with ACE inhibitors, in con- 
trast, demonstrates an unusual predilection for the 
head and neck. Edema of the tongue is commonly the 
presenting symptom, with involvement of the face, 
lips, floor of mouth, pharynx, glottis, or larynx fre- 
quently observed (5,7,8,10,11). 

Most occurrences of ACE inhibitor angioedema are 
mild, self-limited, and resolve spontaneously or with 
discontinuation of the drug. Swelling may however 
progress rapidly to include the posterior pharynx or 
larynx, causing airway compromise and necessitating 
emergent endotracheal intubation or tracheostomy. 
In the retrospective study of Slater et al. (3), 22% of 
angioedema episodes were considered life-threaten- 
ing, associated with respiratory symptoms such as 
dyspnea, stridor, laryngeal edema, or laryngospasm. 
Symptoms may progress despite aggressive therapy 
and may recur hours after apparent resolution 
(11,12). Angiotensin-converting enzyme inhibitor an- 
gioedema has been fatal (3,12). Unfortunately, there 
are no presenting characteristics that predict which 
patients will progress to airway compromise. 

The precise mechanism of ACE inhibitor angio- 
edema is unknown. It is, however, likely a biochem- 
ical rather than immunologic phenomenon, mediated 
through the kallikrein-bradykinin system (13). Kini- 
nase II (identical to ACE) is the major tissue enzyme 
responsible for degradation of bradykinin, a potent 
vasodilator that increases vascular permeability and 
produces tissue edema. Angiotensin-converting en- 
zyme inhibitors prevent the breakdown of bradykinin 
and increase the wheal response to intradermal 
bradykinin (13). Thus inhibition of bradykinin inacti- 
vation may be responsible for ACE inhibitor angio- 
edema. 

The management of ACE inhibitor angioedema 
ranges from simple cessation of the drug to endotra- 
cheal intubation. Mild cases confined to the anterior 
tongue and/or lips generally have responded within 
24 h to discontinuation of the drug and intravenous 
diphenhydramine and corticosteroids, whereas those 
involving the pharynx with dysphagia have required 
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subcutaneous epinephrine (3,5,7,8,11). Patients pre- 
senting with acute respiratory distress and those 
progressing from milder forms of angioedema have 
required emergent intubation or tracheostomy (3,5, 
6,8,11). Oral or nasotracheal intubation may be com- 
plicated by the severity of pharyngeal and/or laryn- 
geal edema (6,12,14). 

The angioedema experienced by the patient de- 
scribed is highly characteristic of the mild form 
caused by ACE inhibitors; it was confined to the 
anterior portion of the tongue, self-limited, and oc- 
curred shortly after initiation of the drug. The patient 
had had no previous episodes of angioedema, elim- 
inating possible diagnoses of hereditary angioedema 
or recurrent idiopathic angioedema (10,15). Owing to 
the exclusive involvement of the anterior tongue and 
absence of respiratory complaints, we treated the 
patient with diphenhydramine only and observed 
him closely until onset of resolution. Had the edema 
become more extensive, intravenous corticosteroids 
and subcutaneous epinephrine would have been ad- 
ministered. 

The association between airway instrumentation 
and the onset of angioedema may be coincidental or 
causal. Although the former cannot be eliminated, 
the latter is more likely. A scenario involving activa- 
tion of the kinin cascade in the presence of ACE 
inhibition could explain the observed angioedema. 
Activation of the kinin system may result from mild 
abrasion during airway manipulation, exposing 
plasma to tissue surfaces or the artificial surface of the 
endotracheal tube (contact activation) (16,17). Alter- 
natively, kinin activation could result from activation 
of the tissue pathway or direct pressure of the laryn- 
goscope or endotracheal tube (16,18). 

In summary, we describe the development of ACE 
inhibitor-induced angioedema in association with en- 
dotracheal intubation and anesthesia. Patients with 
head and neck angioedema should be queried regard- 
ing the use of ACE inhibitors. The potential for 
airway obstruction and the need for close observation 
and prompt intervention should be recalled. 
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Hens has long been associated with both 
a mild and severe form of hepatotoxicity 
(1-3). The severe toxicity (halothane hepati- 
tis) has been proposed to be caused by an immuno- 
logic mechanism because the majority of patients 
with halothane hepatitis have serum antibodies that 
react with liver microsomal proteins covalently al- 
tered by the trifluoroacetyl chloride metabolite of 
halothane (4). The antibodies are specific to patients 
with halothane hepatitis and are not seen in patients 
with other types of liver disease (4). Further evidence 
for an immune-mediated toxicity is the finding that 
halothane hepatitis nearly always occurs after re- 
peated exposures (5), suggesting that a period of 
sensitization is needed before the development of the 
toxicity. Although the incidence of halothane hepati- 
tis appears to be highest when halothane is adminis- 
tered within approximately 1 mo of a previous expo- 
sure (6), cases have been reported where there was a 
period as long as 7 yr between halothane administra- 
tions (6). 

We report a case of halothane hepatitis with sev- 
eral unexpected features. First, the previous exposure 
to halothane was 28 yr before the final halothane 
anesthetic, indicating sensitization may be longer 
lived than previously realized. Second, this patient 
had serum antibodies directed against not only pro- 
teins that appeared to be trifluoroacetylated (TFA), 
but also native proteins, and one protein fraction that 
was not labeled with the TFA group but was some- 
how altered by halothane administration. Third, 
immunohistochemical techniques confirmed the 
presence of TFA proteins in liver tissue 32 days after 
halothane administration, suggesting that exposure 
to the TFA proteins may be longer lived than previ- 
ously thought. 
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Case Report 


A 60-yr-old man underwent cystoscopy and urethral 
dilation for recurrent urinary tract infections. Pre- 
operative evaluation revealed a history of mild renal 
dysfunction (creatinine clearance of 73 mL/h), con- 
trolled essential hypertension, and stable angina pec- 
toris. The patient had a past history of ethanol abuse 
but no alcohol exposure for the prior 16 yr. There was 
no history of jaundice, hepatitis, transfusions of 
blood or blood products, ingestion of hepatotoxic 
drugs, intravenous drug abuse, or occupational ex- 
posures to toxins. 

His past surgical history was significant for tonsil- 
lectomy as a child and pyloroplasty for prolapsing 
antral gastritis 28 yr ago. Anesthesia for the latter 
procedure included thiopental, succinylcholine, gal- 
lamine, oxygen, nitrous oxide, and halothane. 

The patient was allergic to horse serum. Medica- 
tions at the time of admission were cardizem 60 mg 
qid, isordil 40 mg bid, atenolol 25 mg/day, and aspirin 
325 mg/day. The following medications were taken as 
required: nitroglycerin 0.4 mg, cimetidine 300. mg, 
and ibuprofen. The patient was a retired attorney 
with five children, all of whom were alive and well. 
Further family history was unremarkable. 

The cystoscopy and urethral dilation were com- 
pleted on January 4, 1990. General anesthesia con- 
sisted of thiopental, succinylcholine, fentanyl, oxy- 
gen, nitrous oxide, and halothane. The intraoperative 
and immediate postoperative course were uneventful 
except for a transient intraoperative episode of sys- 
tolic hypotension to 80 mm Hg, which responded to 
atropine. The patient was discharged home on the 
same day while continuing to take cephalexin and 
pyridium. Approximately 18 h after discharge, pro- 
fuse diaphoresis, chills, and a temperature of 38.9°C 
developed. Three days postoperatively a urinalysis 
showed a few white cells and a few red blood cells. A 
complete blood count was normal. The cephalexin 
was replaced by ciprofloxacin. On the fifth postoper- 
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ative day anorexia and increasing lethargy devel- 
oped. The white blood count was 8.0 x 10°/L, with a 
differential including 27% bands and 11% eosino- 
phils; total bilirubin was 5.7 mg/dL, aspartate ami- 
notransferase 1397 U/L, alanine aminotransferase 
1265 U/L, and alkaline phosphatase 121 U/L. Labora- 
tory analysis was negative for anti-HAV (IgG and 
IgM), anti-HAV (IgM only), HB, antigen, anti-HB,, 
anti-HB. (IgG and IgM), anti-HB, (IgM only), HB, 
antigen, anti-HB,, HB viral DNA (by slot blot tech- 
nique), and antibody to hepatitis delta antigen. 

Twelve days after surgery the patient was disori- 
ented to time and was admitted to the hospital. 
Shortly thereafter, the following laboratory data were 
obtained: alkaline phosphatase 319 U/L, aspartate 
aminotransferase 3085 U/L, total bilirubin 32.6 mg/ 
dL, direct bilirubin 20.1 mg/dL, ammonia 89 mg/dL, 
and prothrombin time 16.4 s. During evaluation for 
possible orthotopic liver transplantation, the patient 
underwent coronary angiography and an unsuccess- 
ful percutaneous transluminal coronary angioplasty 
complicated by a myocardial infarction. The patient's 
condition continued to deteriorate, with worsening 
encephalopathy and hepatic failure. After discussion 
with the family, only supportive care was given and 
32 days after surgery the patient died. Postmortem 
examination showed massive hepatic necrosis. 

A serum sample collected from this patient 16 days 
after surgery was tested for anti-HCV, by an enzyme- 
linked immunosorbent assay (Ortho Diagnostic Sys- 
tems, Raritan, N.J.). Duplicate determinations were 
weakly positive with signal/cutoff ratios of 1.3 and 
1.5. A sample is considered reactive for antibody to 
HCV if two determinations are greater than, or equal 
to, the cutoff value (signal/cutoff ratio of =1.0). How- 
ever, when the same serum sample was tested by a 
recombinant immunoblot assay procedure (Chiron 
Corporation, Emeryville Calif. and Ortho Diagnostic 
Systems), no antibodies were detected against HCV 
encoded antigens (cl00-3, 5-1-1, c33c, and c22-3). 
Despite a reduced sensitivity of the anti-HCV assay 
during the first 5 mo after hepatitis C exposure, these 
findings and the patient’s lack of risk factors for non 
A, non B hepatitis indicated that the patient’s hepa- 
titis was not caused by HCV. 

Serum antibodies were screened for reactivity 
against liver microsomal proteins by probing immu- 
noblots of liver microsomes from control and 
halothane-treated rats with the patient’s serum (Fig- 
ure 1; lanes 2 and 3, respectively) (7,8). Major reac- 
tions were observed against protein fractions of 145, 
80, and 57 kd. The reaction against the 80-kd protein 
fraction in liver microsomes of halothane-treated rats 
was greater than that found with microsomes from 
untreated rats. In contrast, reactivity against the 145- 
and 57-kd fractions in the two microsomal prepara- 
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Figure 1. Probing of immunoblots of rat liver microsomes and 
purified TFA and control proteins with patient's or rabbit anti-TFA 
serum. Liver microsomes from control and halothane-treated rats 
and the TFA and control proteins were prepared as previously 
described. Lane 1, halothane microsomes, 50 ug; lane 2, control 
microsomes, 5 wg; lane 3, halothane microsomes, 5 pg; lane 4, 
control 57-kd protein, 0.2 ag; lane 5, TFA 57-kd protein, 0.2 yg; 
lane 6, control 59-kd protein, 1 ug; lane 7, TFA 59-kd protein, 1 ug; 
lane 8, control 80-kd protein, 1 ug; and lane 9, TFA 80-kd protein, 
1 wg. Sodium dodecylsulfate-polyacrylamide gel electrophoresis 
and immunoblotting were performed as previously described. 
Lane 1 was probed with anti-TFA serum diluted 1/1000 in 0.5% 
(wt/vol) casein in 150 mM NaCl, 10 mM Tris-HCl, pH 7.6, with 
0.02% (wt/vol) Thimersol (washing buffer), and lanes 2-9 were 
probed with the patient’s serum diluted 1/100 in washing buffer. 


tions were nearly identical. Minor reactions were also 
seen against protein fractions of 144, 100, 85, and 60 
kd. There was greater reactivity against the 144-, 100-, 
and 85-kd fractions in microsomes from the 
halothane-treated rats compared to that of the control 
animals. No reactivity was noted with the 60-kd 
fraction from the control animals. When the blotted 
liver microsomes from the halothane-treated rats 
were probed with rabbit antiserum specific for TFA 
groups on proteins, all of the fractions recognized by 
the patient’s antibodies, except for the 85-kd protein 
fraction, appeared to be able to undergo trifluoro- 
acetylation. This could explain why the patient's 
antibodies reacted more strongly with the 144-, 100-, 
80-, and 60-kd protein fractions from halothane- 
treated rats than with protein fractions of similar 
apparent molecular masses from the control rats 
(Figure 1, lane 1). 

When the immunoblotting was done with recently 
purified (9) TFA and native proteins of 100, 80, 63, 59, 
58, and 57 kd (Figure 1, lanes 4-9), the patient's 
antibodies strongly reacted with the TFA and control 
57-kd proteins, and weakly recognized the TFA and 
control 80- and 59-kd proteins. No reaction was seen 
with the 100-, 63-, or 58-kd proteins (results not 


shown). 


Histologic examination of a specimen taken at 
autopsy revealed widespread necrosis of parenchy- 
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mal cells, with total loss of the lobular architecture 
and lymphocyte infiltration. Immunohistochemical 
staining of the surviving hepatocytes using affinity- 
purified rabbit anti-TFA IgG (Figure 2A) (10) showed 
very intense staining of TFA proteins. The specificity 
of staining for TFA-labeled proteins was confirmed 
by the finding of a marked decrease in the stain- 
ing intensity when the hapten derivative N-e- 
trifluoroacetyl-L-lysine was used as a competitive 
inhibitor of the antibody (Figure 2B) (11). 


Discussion 


Until recently, the diagnosis of halothane hepatitis 
has been one of exclusion, wherein other potential 
causes of liver injury, such as viral hepatitis, toxin 
exposure, hepatotoxic drugs, hypotension, sepsis, or 
hypoxia, were systematically ruled out as precipitat- 
ing causes. A characteristic feature of most cases of 
halothane hepatitis is the presence of serum antibod- 
ies directed against liver microsomal proteins (12) 
that have been covalently altered by the trifluoro- 
acetyl chloride metabolite of halothane (13,14). The 
patient described in this report appeared to fulfill this 
criterion. He had serum antibodies that reacted more 
strongly with apparently TFA 80- and TFA 100-kd 
protein fractions than with the corresponding native 
proteins in liver microsomes of untreated rats, as do 
many patients with halothane hepatitis (9,13,15). The 
antibodies, however, appeared, at least in part, to be 
directed against proteins in liver microsomes differ- 
ent from those purified, although having similar 
apparent molecular masses. This conclusion is based 
on the finding that the patient’s antibodies reacted 
weakly and approximately to the same extent with 
the purified TFA 80-kd and native 80-kd proteins and 
not at all with the purified TFA 100-kd and native 
100-kd proteins. The halothane-altered 60-, 85-, and 
144-kd protein fractions might also be new proteins 
associated with halothane hepatitis. The 60- and 
144-kd fractions had the same mobility as protein 
fractions recognized by the anti-TFA antibodies (Fig- 
ure 1, lane 1), suggesting that their recognition by the 
patient’s serum antibodies was due to their being 
covalently modified by the TFA moiety. In contrast, 
the 85-kd protein fraction did not appear to be triflu- 
oroacetylated, but was altered by halothane treat- 
ment in some way, because the patient's antibodies 
reacted more strongly with an 85-kd protein fraction 
in liver microsomes of halothane-treated rats than 
with an 85-kd protein fraction in microsomes from 
control rats. Perhaps the protein was covalently al- 
tered by the reactive reductive metabolite of 
halothane, 1-chloro-2,2,2-trifluoroethyl radical (16). 
Earlier immunofluorescence studies of the reaction 
of patient’s sera with liver sections have indicated 
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Figure 2. Immunohistochemical detection of TFA proteins in liver 
32 days after halothane exposure. An autopsy sample of liver was 
collected 32 days after the administration of halothane and fixed in 
phosphate-buffered formalin. The tissue was processed, embed- 
ded in paraffin, and 4—6- um sections were immunohistochemically 
stained for TFA-labeled proteins. After deparaffination, the slides 
were counterstained with Mayer's hematoxylin and nonspecific 
binding was blocked by incubation with 5% fetal calf serum (FCS) 
in 50 mM Tris, 150 mM NaCl, pH 7.6 (TBS) for 30 min. This was 
followed by incubation for 2 h at room temperature with 2 ug/mL 
of affinity-purified anti-TFA IgG diluted in 2% FCS in TBS contain- 
ing 0.25% (vol/vol) control mouse liver homogenate (A), or with 
anti-TFA IgG specifically inhibited by incubation overnight at 4°C 
and then 2 h at room temperature with 0.5 mM of the hapten 
derivative N-e-trifluoroacetyl-L-lysine diluted in 2% FCS in TBS 
containing 0.25% (vol/vol) control mouse liver homogenate (B). 
TFA-labeled proteins were visualized after incubation for 1 h at 
room temperature with alkaline phosphatase conjugated goat 
anti-rabbit IgG (Life Technologies, Bethesda, Md.) diluted 1:500 in 
2% FCS in TBS and development for 20 min with AS/AP substrate 
(BIO/CAN America, Portland, Me.). (Original magnification, 
x 200.) 


that 25% of patients with halothane hepatitis also 
have serum autoantibodies directed against native 
liver proteins (17,18). The results of this study sug- 
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gest that the autoantigens might correspond to hu- 
man homologs of the rat-purified 57-, 59-, or 80-kd 
proteins or possibly the 85-, 100-, or 145-kd microso- 
mal proteins. These possibilities, as weil as the diag- 
nostic relevance of the patient’s antibody reacting 
with the halothane-altered 85- and 60-kd protein 
fractions, will not be known for certain until it has 
been shown that these reactions are specific to pa- 
tients with halothane hepatitis. 

Trifluoroacetylated-labeled proteins have been 
previously detected in human tissue 9.5 h after 
halothane exposure (4). The lifetime of TFA proteins 
was thought to be 7 days based on studies done in 
rats (19). The results of the present study, however, 
indicate that TFA proteins can exist as long as a 
month after halothane exposure. This finding raises 
the possibility that one factor responsible for 
halothane hepatitis might be the persistent stimula- 
tion of immunocompetent cells by TFA-labeled pro- 
teins. 

In summary, we describe a case of apparent 
halothane-induced hepatic necrosis that occurred 
28 yr after a previous halothane exposure. This case 
presents several new findings. First, patients may be 
at risk of having halothane hepatitis develop with 
reexposure of the drug even decades after a previous 
exposure. Clinical consideration strongly suggests 
avoidance of halothane in adult patients when their 
history reveals a previous exposure and when 
halothane affords no definite clinical advantage over 
other anesthetics. Second, this patient had autoanti- 
bodies in his serum that reacted with liver proteins. 
Although anti-liver microsomal autoantibodies are 
known to exist in association with halothane hepati- 
tis, this is the first report of specific microsomal liver 
proteins that might be recognized by these autoanti- 
bodies. Third, immunohistochemical staining with 
anti-TFA antibodies indicates that the altered TFA 
proteins were much longer lived than previously 
reported. This is especially important, as this longev- 
ity may account, at least in part, for their immunoge- 
nicity. 
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Prees anesthesia for infants and children for 
procedures outside of the operating room, such 
as computed axial tomography, magnetic reso- 
nance imaging, and radiotherapy, can be a difficult 
task. This experience occurs in an unfamiliar setting 
not designed for the purpose of providing anesthesia, 
while working with individuals who may not be 
accustomed to the unique needs of the anesthesiolo- 
gist. In addition, the anesthetic requirements vary 
from simple sedation to general anesthesia that may 
have to be repeated daily on an outpatient basis for 
up to several weeks. The following cases illustrate 
several advantages of using total intravenous anes- 
thesia with propofol in pediatric patients in multiple 
locations remote from the operating room. 


Case Reports 
Case 1 


A 24kg, 4-yr-old boy had undergone resection of a 
subarachnoid cyst at the second thoracic vertebral 
level. Recurrent symptoms had recently developed, 
and he was found to have T-2 vertebral body col- 
lapse. The child was scheduled for myelography, 
computed axial tomography scan with possible bi- 
opsy, and tomography of the cervical and thoracic 
spine, all in separate locations within the hospital. 
Because of the patient's age, multiple positions and 
locations of the procedures, and their duration, it was 
deemed prudent to provide general anesthesia. 
After obtaining portable suction equipment and 
placement of routine monitors (electrocardiogram, au- 
tomated blood pressure cuff, pulse oximeter, precordial 
stethoscope), anesthesia was induced by inhalation of 
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halothane, nitrous oxide, and oxygen. Intravenous ac- 
cess was obtained, and oral endotracheal intubation 
was facilitated by intravenous pancuronium. The in- 
haled anesthetics were discontinued, and anesthesia . 
was maintained with a continuous infusion of propofol 


. (150 ug-kg™*-min™"). During transportation between 


locations, the patient was monitored with continuous 
electrocardiogram, pulse oximetry, and precordial 
stethoscope. The patient completed all scheduled pro- 
cedures in the three separate locations over a 2.5-h 
period. Upon completion of the last procedure, the 
patient was transported to the recovery room where the 
infusion was discontinued and the residual neuromus- 
cular blockade was reversed with atropine and neostig- 
mine. His trachea was extubated 7 min after discontin- 
uation of the propofol infusions, and he was discharged 
from the recovery room 35 min later. 


Case 2 


A 17-kg, 3-yr-old boy had undergone successful re- 
section of an intracranial medulloblastoma. He had 
had multiple, prior painful diagnostic and therapeu- 
tic procedures performed under several different sed- 
ative regimens (e.g., rectal methohexital, intravenous 
fentanyl arid midazolam, and intramuscular and in- 
travenous ketamine) with variable results. He was 
scheduled for cranial radiation and was transferred to 
our facility for cranial radiation simulation during 
which measurements are made for construction of 
appropriate-sized shields, body mold for precise po- 
sitioning, and positioning of radiation columns. Be- 
cause of the patient's age, position for the procedure 
(prone), duration of the procedure, and prior diffi- 
culty with sedation, it was elected to proceed with a 
general anesthetic. Propofol was selected as the pri- 
mary anesthetic because of an inability to scavenge 
anesthetic gases in the radiotherapy suite. 

After securing portable suction and placement of 
routine monitors, anesthesia was induced with intra- 
venous propofol (3 mg/kg) via an indwelling Hick- 
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Table 1. Anesthetic Data From Multiple Procedures for Case 3 


Maintenance 


Anesthetic Induction 
procedure dose infusion rate 
number (mg/kg) (ug:kg7!-min~’) 
1 3 200-50 
2 3 300->75 
3 3:5 200-100 
4 3 300—100 
5 3.5 200—100 
6 3 200—100 
7 3 300—100 
8 eE 300—100 
9 3.5 300-+100 
10 3:5 200-100 
11 3.5 300—100 
12 3.5 306—100 
13 3.5 300--> 100 
14 35 300-100 
15 3 300—>100 
Mean t SEM 3.3 + 0.1 267 + 13—95 + 4 


Time from termination of anesthesia to extubation of the trachea. 
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Time to 
Duration of Time of discharge from 
procedure extubation’ recovery” 
(min) (min) (min) 
100 6 45 
40 10 52 
35 2 30 
35 12 50 
40 10 46 
40 10 48 
30 4 35 
35 3 oe 
45 ə 35 
30 7 36 
40 3 30 
30 3 32 
40 5 40 
40 8 42 
25 2 30 
49 + 6 6+1 39 £2 


*Time from entrance to the recovery room to discharge from the recovery room. 


man central venous catheter. His trachea was intu- 
bated orally during an atracurium neuromuscular 
blockade, and he was put into the prone position. 
Anesthesia was maintained with a continuous infu- 
sion of propofol (150 wg-kg~*-min™*) during the 2-h 
procedure. Upon completion of the procedure, the 
patient was turned supine and transported to the 
recovery room with electrocardiogram, pulse oxime- 
try, and precordial stethoscope monitors, where the 


propofol infusion was discontinued. Residual neuro- ~ 


muscular blockade was reversed with glycopyrrolate 
and neostigmine, the trachea was extubated 5 min 
after discontinuation of the infusion, and he was 
transferred to his referring facility 45 min later with- 
out problems. 


Case 3 


A 9-kg, 14-mo-old male infant with recurrent central 
nervous system relapse of acute lymphocytic leuke- 
mia was scheduled for a prolonged course of cranio- 
spinal radiation. He had just completed an extensive 
course of chemotherapy and was in remission. Be- 
cause of the patient’s age, procedure position 
(prone), remote location, and the repetitive nature of 
the procedure, general anesthesia was selected, again 
using propofol as waste gases could not be scav- 
enged. 

Thirty minutes before each anesthetic, the patient 
received glycopyrrolate, 0.01 mg/kg IV, as an antisial- 
agogue via an indwelling Hickman central venous 
catheter. After testing of portable suction equipment, 


routine monitors were placed, and anesthesia was 
induced with propofol (3 mg/kg IV), and an atrau- 
matic oral tracheal intubation facilitated with an 
atracurium-induced neuromuscular blockade was ac- 
complished. The patient was positioned prone, and 
anesthesia was maintained with a continuous infu- 
sion of propofol (50-300 wg-kg~!-min™'). The infu- 
sion was adjusted in 50-wg-kg~*-min~* increments as 
needed to maintain vital signs within 10% of their 
preoperative values. Monitors, infusion pump, and 
the patient were positioned so that they were visible 
via remote camera. Upon completion of the proce- 
dures, the patient was turned supine and transported 
to the recovery room with electrocardiogram, pulse 
oximetry, and precordial stethoscope monitors where 
the infusion was stopped and residual neuromuscu- 
lar blockade was reversed with glycopyrrolate and 
neostigmine. After tracheal extubation, he was dis- 
charged shortly thereafter without problems. He un- 
derwent 15 similar anesthetics (Table 1) over a 7-wk 
period with one interruption of 2.5 wk secondary to 
neutropenia, while thriving (continuous weight gain) 
throughout this time. 


Discussion 


These three cases illustrate many of the anesthetic 
considerations for pediatric cases in remote locations: 
(a) the anesthetic technique must provide predict- 
able, brief anesthesia of adequate depth and an 
immobile patient; (b) the anesthetics must be able to 
be safely given repeatedly with portable equipment 
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(monitors, suction, infusion pumps); (c) a rapid 
awakening with short recovery time is desirable; 
(d) maintenance of a patent airway in a variety of 
body positions and during transport is mandatory; 
(e) provisions for standard monitoring are required 
for general anesthesia remote from the patient; and 
(f) minimizing psychological and physical trauma 
during the repeated procedures is desirable. Each 
case had a unique problem to be resolved: case 
1—portable technique in three locations, case 2—safe 
technique without scavenging of waste gases, and 
case 3—repeated anesthetics with minimal Bn i 
in daily living. 

Many different anesthetic techniques have been 
used in the past. These range from simple sedation 
with oral chloral hydrate, rectal methchexital, intra- 
muscular meperidine/promethazine/thorazine, intra- 
venous midazolam and fentänyl to general anesthesia 
with ketamine or inhaled anesthetics (1-5). Sedation 


is frequently insufficient to prevent patient move- 


ment and often leads to children being drowsy and 
irritable for several hours. Repeated administration of 
rectal barbiturates may be associated with inaccuracy 
of dosage secondary to variable absorption, which 
could lead to inadequate or excessive sedation (1). 
Ketamine has many potential drawbacks such as 
myoclonic movements that are not desirable during 
radiation therapy (6), increased intracranial pressure 
secondary to elevated cerebral blood flow and blood 
volume (7), depressed laryngeal reflexes (8), halluci- 
nations (9), and tachyphylaxis with chronic use (2,3). 

Because of these problems, many anesthesiologists 
prefer inhaled anesthetics for these procedures (4). 
Inhaled anesthetics have been administered via mask 
(4) or insufflated via oral airway (1,10) or nasopha- 
ryngeal catheter (5). These techniques are safe with 
little disruption in daily routines (11); however, they 
are not portable, frequently require assistance main- 
taining airway patency, and do not allow for scaveng- 
ing of waste gases. 

Propofol is a recently released intravenous anes- 
thetic with a quick onset, short duration, and rapid 
metabolism to inactive substances, factors which 
make it suitable for total intravenous anesthesia by 
continuous infusion (12). The reported use of propo- 
fol in children is limited and restricted by the neces- 
sity of intravenous access and pairi on injection 
(13,14). We elected to use propofol in our patients for 
several reasons: (a) favorable pharmacokinetic prop- 
erties, (b) probable safety with repeated administra- 
tions, (c) administration without pain via a long-term 
central venous catheter, and (d) the ease of maintain- 
ing the depth of anesthesia while transporting the 
patient with a portable, battery-powered infusion 
pump. As demonstrated by case 3, repeated exposure 
to propofol did not result in acute tachyphylaxis as 
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has been seen with other, intravenous anesthetics 
(2,3). In addition, it caused’ minimal disruption of the 
patient’s daily routine. <4 

Airway management in these situations is compli- 
cated by multiple positions; restricted access to the 
airway, and the repeated nature of the treatments. 
Airway patency has been assured using a variety of 
methods, ranging from mechanical chin supports (4) 
to oral (1,10), nasopharyngeal (5), or laryngeal (15) 
airways. Because of the .potential for subglottic 
trauma and subsequent stenosis, repeated endotra- 
cheal intubation is not recommended by some (4). 
Despité ‘these concerns, we chose to intubate the 
tracheas of our patients because of the transportation 
required during and after the procedures. We took 
great care to intubate the trachea atraumatically with 
an appropriately sized uncuffed endotracheal tube 
and carefully documented the. airway pressure re- 
quired to generate a leak’ around the endotracheal 
tube daily. We saw no evidence of airway injury or 
edema during the 7-wk course of radiotherapy in our 
patient. More experience With this anesthetic tech- 
nique may Gemonsirate that oral intubation is not 
necessary. 

Providing general ea for infants and chil- 
dren requiring magnetic resonance imaging is be- 
coming increasingly more common as this imaging 
technique becomes more widely used. Because of 
the strong electromagnetic fields used during this 
procedure, ferromagnetic materials cannot be in 
close proximity of the scanner. This has resulted in 
unique anesthetic requirements for magnetic reso- 
nance imaging (16,17). None of our cases involved. 
magnetic resonance imaging scanning. Furthermore, 
our methods would have to be extensively modified 
for application in the magnetic resonance imaging” 
suite. 

In summary, administering total intravenous an- 
esthesia with propofol appears to be a safe and 
effective alternative to intramuscular or inhaled anes- 
thetics. This technique was portable, there was no 
evidence of tachyphylaxis, and there was minimal 
disruption in the child’s growth despite nearly daily 
anesthetics. Continuity of care between the patient 
and parents, radiotherapist, and anesthesiologists 
can greatly facilitate the course of treatment. 
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in the third trimester of pregnancy is extensive 

and includes viral and bacterial pneumonias, 
pulmonary thromboembolism, amniotic fluid emboli, 
congestive heart failure as a complication of toxemia 
or coexisting heart disease, airway edema, vasculitis, 
aspiration, asthma, primary pulmonary hyperten- 
sion, cardiomyopathy, and hyperthyroidism. A case 
of acute respiratory distress secondary to a bleeding 
arteriovenous malformation (AVM) of the lung is 
described in a gravid woman at 35-wk gestation. 


j | lhe differential diagnosis of respiratory distress 


Case Report 


A 23-year-old gravida 3, para 2 woman at 35-wk 
gestation presented with acute onset of respiratory 
distress. Her pregnancy was uneventful up to the day 
of admission. Two hours before admission she expe- 
rienced sharp right upper quadrant pain, followed by 
severe dyspnea. She arrived at the hospital by ambu- 
lance and was taken immediately to Labor and De- 
livery. Her past medical history was uneventful. She 
denied allergies and was receiving no medications. 
She did not smoke. Her last solid food intake was 5 h 
before admission. Arterial blood pressure, heart rate, 
and respiratory rate were 61/41 mm Hg, 110 beats/ 
min, and 50-60 breaths/min, respectively. The fetal 
heart rate was 84-100 beats/min. She was sitting 
upright and resisting all attempts to place her supine 
because of pain and dyspnea. She was pale, restless, 
and groaning. Auscultation of the chest revealed no 
breath sounds on the right but normal breath sounds 
on the left. The entire right chest was dull to percus- 
sion. The abdomen revealed an approximately 35-wk- 
sized uterus. 

Lactated Ringer’s solution was given rapidly via 
two large-bore intravenous catheters, and 100% oxy- 
gen was administered by face mask. A diagnostic 
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thoracentesis of the right side of the chest was quickly 
performed and revealed frank, nonclotting blood. A 
chest radiogram revealed total opacification of the 
right side of the chest and mediastinal shift to the left. 
Arterial blood pressure decreased to 54/36 mm Hg, 
heart rate 117 beat/min, and fetal heart rate 155-170 
beats/min. Analysis of arterial blood gases with 
an Fro, of 1.0 revealed a Pao, of 76 mm Hg, Paco, 
of 31 mm Hg, pHa of 7.39, and base excess of 
-5.0 mEq/L. Hematocrit was 25%. Type-specific 
blood was obtained and 2 U was transfused as a right 
tube thoracostomy was peformed. Approximately 2 L 
of blood under pressure drained from the right side 
of the chest, with improvement of systolic arterial 
blood pressure to 95-105 mm Hg. Fetal heart rate was 
140-160 beats/min. 

In the recovery room the patient continued to 
hemorrhage through the thoracostomy tube, accom- 
panied by periods of hypotension. Another 6 U of 
packed red cells was transfused to keep up with 
blood loss and prepare the patient for further diag- 
nostic studies. During this time the trachea was 
intubated, ventilation controlled, and a central 
venous pressure catheter placed. Analysis of arterial 
blood gases with an Fio, of 1.0 revealed a Pao, of 
140 mm Hg, Paco, of 31 mm Hg, pHa of 7.40, and 
base excess of —4 mEq/L. Further laboratory evalua- 
tion revealed the following: white blood cell count 
14,000/mm?, platelet count 230,000/mm? (decreasing 
to 89,000 4 h later), prothrombin time 15.8 s, partial 
thromboplastin time 44.9 s, fibrinogen 98 mg/dL, and 
fibrin degradation products 10-40 yug/mL. Intrave- 
nous morphine was administered to provide analge- 
sia and sedation. 

The patient was taken to the angiography suite 
where a pulmonary angiogram revealed “2 or 3 
saccular aneurysms” in the right upper lobe, up to 
15 mm in diameter, and two branches of the right 
pulmonary artery in the middle lobe that were very 
irregular and dilated. The patient remained stable 
after the angiogram, and fetal heart rate tracings were 
normal. A sonogram revealed a single fetus in the 
vertex presentation. 
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Approximately 8 h later, a cesarean section was 
performed under general anesthesia. Monitors in- 
cluded an intraarterial pressure catheter, continuous 
lead 2 electrocardiogram, pulse oximetry, capriogra- 
phy, a central venous pressure catheter, and an 
esophageal stethoscope and temperature probe. An- 
esthesia was induced with thiopental 3 mg/kg and 
fentanyl 4 ug/kg IV. Tracheal intubation was facili- 
tated by administration of succinylcholine 100 mg IV. 
Anesthetic maintenance was by isoflurane and ni- 
trous oxide in oxygen. Intravascular volume was 
maintained by infusion of lactated Ringer’s solution, 
normal saline, and 2 U of packed red cells. A viable 
2550-g female infant was delivered. Apgar scores 
were 2 and 5 and umbilical vein pH was 7.29. The 
infant’s trachea was intubated, and ventilation was 
controlled overnight. Thereafter the infant did well 
and went home on postdelivery day 4. 

Immediately thereafter a bronchoscopy was per- 
formed that ruled out an endobronchial lesion. The 
trachea was then reintubated with a 37F left-sided 
double-lumen endobronchial tube (Bronkocath; 
Mallinckrodt Anesthesia Products, St. Louis, Mo.) 
and, under one-lung anesthesia, a right posterolat- 
eral thoracotomy was performed. There were multi- 
ple areas in all three lobes of the right lung having the 
gross appearance of AVMs. A 3X2-cm lesion project- 
ing from the apex of the right lung was bleeding 
briskly from a central crater. This was controlled by 
ligation. The surgeon elected not to resect areas that 
were not bleeding. The patient returned to the ICU in 
stable condition and pursued a benign postoperative 
course. She was discharged from the hospital on 
postoperative day 7. 


Discussion 


Vascular malformations may undergo change in 
pregnancy resulting in serious complications (1,2). 
Whereas symptomatic AVMs in pregnancy occur at a 
variety of sites, syrnptomatic AVMs in the lung are 
rare. There are two recent case reports of AVMs 
occurring in the lungs of pregnant patients with 
known hereditary hemorrhagic telangiectasia (3), one 
of whom had concurrent rheumatic heart disease (4). 
Neither suffered acute hemorrhage. This report of 
isolated pulmonary AVMs causing acute hemothorax 
in the third trimester is the first such case. 

It has long been suspected that pregnancy can 
affect the progression and even cause the appearance 
of vascular malformations. Although proof of exact 
cause is not clear, hormonal changes are often impli- 
cated. Estrogens are associated with spider telangiec- 
tases. Progesterone inhibits smooth muscle contrac- 
tility and increases venous distensibility during 
pregnancy (5,6). Changes in hormonal balance may 
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explain, too, the changes in cutaneous AVMs during 
the menstrual cycle that have been reported. Others 
have implicated cumulative effect of successive preg- 
nancies in inducing enlargement of AVMs (1,7). 

MacMillan and Robinette (8) state that the rupture 
of AVMs during pregnancy is not surprising given 
the effects of steroids on blood vessels. Certainly, 
elevated levels of steroids, as seen in cushingoid 
states, are known to increase vessel fragility. Renal 
and splenic artery aneurysm rupture is reported to be 
more likely in pregnancy (9), as is cerebral aneurysm 
rupture (2). 

The characteristic expansion of blood volume and 
increase in cardiac output that occur in pregnancy 
may augment the distention of the malformation. 
Venous engorgement owing to caval obstruction by 
the gravid uterus likely plays a role in spinal and 
pelvic AVMs (10). | 

A review of the literature reveals several reports of 


-AVMs in pregnancy, as well as a series of central 


nervous system AVMs related to pregnancy. Most 
information in regard to vascular malformations and 


' pregnancy pertains to central nervous system lesions. . 


Robinson et al. (2) state that the natural history of 
AVMs is modified by pregnancy. In their series of 146 
patients with central nervous systm lesions, there 
was a 26% death rate among fetuses of women with 
AVMs and 8% among those with aneurysms. That 
pregnancy seems to have an adverse effect on vascu- 
lar malformations is borne out by an eightfold in- 
crease in subarachnoid hemorrhage in patients with 
AVMs who become pregnant as compared with non- 
pregnant women with AVMs. 

There are at least 13 reported cases of vascular 
malformations of the Spinal cord presented during 
pregnancy (7,11-14). Most of these demonstrated 
spontaneous regression in the postpartum period, 
lending further support to theories of hormonal in- 
fluence and mechanical venous obstruction. 

Arteriovenous malformations of the genitourinary 
system may also complicate pregnaricy. Rupture of 
an AVM of the kidney in pregnancy appears to be 
quite rare, with only four cases reported. MacMillan 
and Robinette (8) report two such cases of hematuria 
in the first trimester. | 

Patients may also present with high-output con- 
gestive heart failure secondary to a large AVM. Gong 
et al. (15) reported a case of a hepatic AVM causing 
congestive heart failure in the third trimester. Elliot et 
al. (1) reported a case of a macrofistulous AVM in the 
forearm presenting in the second trimester with pain, 
swelling, and cyanosis of the forearm, and symptoms 
of high-output congestive heart failure. The progres- 
sive increase in symptoms necessitated a cesarean 
section at 32 wk, which was followed by dramatic 
relief. The Elliot et al. review also discusses the 
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appearance of cutaneous hemangiomas during preg- 
nancy. Some of these showed spontaneous postpar- 
tum regression. 

Swinburne et al. (3) reported the first case of a full- 
term gravid patient with hereditary hemorrhagic tel- 
angiectasia and pulmonary arteriovenous fistulas. This 
perhaps bears the closest resemblance to our case in 
that there were multiple vascular malformations in the 
lung. In this case the manifestation was right-to-left 
shunt and hypoxemia; in ours it was hemorrhage and 
respiratory distress. Swinburne et al.’s patient had a 
shunt fraction of 49% in the sitting position, which 
increased further in the postpartum period. The patient 
ultimately was treated with wedge resections. The 
progressive increase in shunting during pregnancy was 
attributed to the progressive increase in blood volume. 

The cause of our patient’s pulmonary vascular 
anomaly may be hereditary hemorrhagic telangiecta- 
sia, although a definitive diagnosis at this time is not 
possible. She lacked telangiectases, oral or nasal 
lesions, or a history of recurrent epistaxis or other 
mucous membrane hemorrhage. It may be, however, 
that she was early in the course of the disease, as 
cutaneous telangiectases often do not occur before 
the second or third decade (16). 

In coriclusion, a case of a life-threatening compli- 
cation of an AVM during pregnancy is presented. 
The accompanying review details others’ experience 
with uncommon but also life-threatening vascular 
malformations in other organ systems especially the 
central nervous system. When the parturient pre- 
sents with respiratory distress and hemoptysis or 
hemothorax, the diagnosis of bleeding AVM, possi- 
bly due to hereditary hemorrhagic telangiectasia, 
should be entertained. 


CASE REPORTS 615 


References 


1. Elliot J, Rankin Inwood M, Milne J. An arteriovenous maifor- 
mation in pregnancy: a case report and review of the literature. 
Am J Obstet Gynecol 1985;152:85-8. 

2. Robinson J, Hall C, Sedzimir C. Arteriovenous malformations, 
aneurysms, and pregnancy. J] Neurosurg 1974;41:63-70. 

3. Swinburne A, Fedullo A, Gangemi R, Mijangos J. Hereditary 
telangiectasia and multiple pulmonary arteriovenous fistulas. 
Clinical deterioration during pregnancy. Chest 1986;89:459-60. 

4. Waring PH, Shaw DB, Brumfield CG. Anesthetic management 
of a parturient with Osler-Weber-Rendu syndrome and rheu- 
matic heart disease. Anesth Analg 1990;71:96-9. 

5. McClausland AM, Hyman C, Winsor T, Trotter AD. Venous 
distensibility during pregnancy. Am J Obstet Gynecol 1961;81: 
472-9. 

6. Pritchard JA, MacDonald PC. William’s obstetrics. New York: 

. Appleton-Century-Crofts, 1976:56. 

7. Newquist R, Mayfield F. Spinal angioma presenting during 
pregnancy. J Neurosurg 1960;17:541-5. 

8. MacMillan RDH, Robinette MA. Congenital ateriovenous mal- 
formation of kidney in pregnancy. Urology 1985;26:441-5. 

9. Love WK, Robinette MA, Vernon CP. Renal artery rupture in 
pregnancy. J Urol 1981;126:809. 

10. Lam RL, Roulhac GE, Erwin HJ. Hemangioma of the spinal 
canal and pregnancy. J Neurosurg 1951;8:668-72. 

11. Martin FA, Howard FM, Salamone CR, Reese DF. Spinal cord 
vascular malformations with symptoms during pregnancy. 
J Neurosurg 1977;47:626-9. 

12. Fields WS, Jones JR. Spinal epidural hemangioma during 
pregnancy. Neurology 1957;7:825-8. 

13. Nelson DA. Spinal cord compression due to vertebral angio- 
mas during pregnancy. Arch Neurol 1964;11:408-13. 

14. Aminoff ML, Loque V. Clinical features of spinal vascular 
malformations. Brain 1974;97:197-210. 

15. Gong B, Baken L, Julian T, Kubo S. High-output heart failure 
due to hepatic arteriovenous fistula during pregnancy: a case 
report. Obstet Gynecol 1988;72:440-2. 

16. Perry WH. Clinical spectrum of hereditary hemorrhagic telan- 
ee (Osler-Weber-Rendu disease). Am J Med 1987;82:989- 


Possible Association of Malignant Hyperthermia With 


Sevoflurane Anesthesia 
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Hiromasa Sekiguchi, MD, Kazuaki Fukushima, MD, and Ehiichi Kohda, MD 
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since April 1990; in our institute it has been used 

in more than 3000 cases. Malignant hyperther- 
mia (MH) has not been described in association with 
sevoflurane anesthesia. We describe two cases of 
suspected MH possibly due to sevoflurane anesthe- 
Sia. 


, since Apri has been clinically used in Japan 


Case Reports 
Case 1 


A 12-yr-old girl, weighing 48 kg, was scheduled for 
surgical correction of idiopathic scoliosis. The patient 
and her family had no history of neuromuscular 
disease or of having received general anesthesia. Her 
laboratory tests, including creatinine phosphokinase 
(CK), revealed no abnormality. Hydroxydine (50 mg) 
and atropine (0.5 mg) were given intramuscularly as 
premedication. General anesthesia was induced with 
an intravenous infusion of fentanyl (200 ug), thiopen- 
tal (150 mg), and droperidol (12.5 mg). Endotracheal 
intubation was facilitated by use of intravenous vecu- 
ronium (8 mg). After induction of anesthesia, rectal 
temperature was 36.5°C and there was no significant 
change in the first 4 h. There was no skeletal muscle 
contracture throughout anesthesia, which was main- 
tained with fentanyl, sevoflurane, and nitrous oxide. 
Fentanyl (100 ug) was given intravenously every 
hour, and sevoflurane was given in doses of 1.0%- 
1.5% for 4 h before marked increases in heart rate, 
body temperature, and end-tidal CO, concentration 
(by infrared capnography) were noted. Rectal tem- 
perature increased from 36.7° to 39.8°C in 40 min. 
Heart rate increased from 90 to 120 beats/min. We 
concluded that MH had developed, as analysis of 
arterial blood gases revealed a pHa of 7.19 and a 
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Paco, of 59 mm Hg despite efforts to augment ven- 
tilation. As the operation was almost finished, anes- 
thesia was immediately terminated, and surface and 
core cooling was performed by using alcohol and ice 
water. While ventilation was controlled with an Fro, 
of 1.0, dantrolene (100 mg) was given intravenously. 
Rectal temperatures and end-tidal CO, concentra- 
tions returned to a normal range within 90 min. The 
emergence from anesthesia was prompt, and clear 
consciousness was confirmed. 

During the postoperative period, laboratory tests 
revealed high concentrations of CK (5840 IU/L, MM 
type), and myoglobin (>500 ng/mL). These abnormal 
values returned to normal on the ninth postoperative 
day. The patient was discharged from the hospital 
2 wk after operation without further incident. 


Case 2 


A 28-yr-old, 68-kg man complained of visual distur- 
bance. Right temporo-occipital arteriovenous malfor- 
mation was diagnosed. The patient and his family 
had no abnormal neuromuscular history. They also 
had a history of general anesthesia without any 
adverse events. Preoperative laboratory tests includ- 
ing determination of CK level revealed no abnormal 
findings. 

Pentobarbital (50 mg), atropine sulfate (0.5 mg), 
and buprenorphine (0.2 mg) were given preopera- 
tively. Anesthesia was induced with the intravenous 
administration of thiopental (200 mg), fentanyl 
(300 ug), and vecuronium (8 mg), and was main- 
tained with 1.0%-1.5% isoflurane for the first 2 h 
without any incident. Rectal temperature after the 
induction of anesthesia was 36.6°C, and there was no 
significant change in the first 2 h. Skeletal muscle 
contracture was not found throughout anesthesia. 
Thereafter, isoflurane was switched to sevoflurane 
because of the malfunction of a vaporizer. The in- 
spired concentration of sevoflurane was 2.0%-2.5%. 
Thirty minutes later, rectal temperature increased 
dramatically from 36.3° to 40°C in 60 min. The patient 
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Table 1. Phosphorus Nuclear Magnetic Resonance Spectroscopy 





Time after exercise (min) 





Resting Exercise 1 min 2 min 3 min 4 min 5 min 
Father 
Pi/PCr 0.207 1.027 0.140 0.127 0.140 0.150 0.137 
pHi 7.090 7.029 7.021 7.049 7.107 7.093 7.063 
Mother 
Pi/PCr 0.227 0.657 0.193 0.253 0.200 0.197 NA 
pHi 7.080 7.050 7.055 6.977 6.977 6.964 NA 


Pi, inorganic phosphate; PCr, phosphocreatinine; pHi, intracellular pH 


showed sinus tachycardia that was followed by mul- 
tifocal premature ventricular contractions. Before 
body temperature exceeded 40.0°C in spite of surface 
cooling using a cooling blanket, we concluded that 
MH associated with a pHa of 7.18 and a Paco, of 
78.4 mm Hg had developed. The operation and 
anesthesia were terminated as soon as possible. One 
hundred milligrams of dantrolene was given intrave- 
nously, followed by an additional 200 mg adminis- 
tered over 2 h. The effect of dantrolene and surface 
and core cooling was minimal, and it took 2 h before 
the temperature decreased to 38°C. The patient was 
transferred to the intensive care unit for further 
treatment. 

The patient was in a comatose state during the 
postoperative period, and electroencephalography 
revealed no activity at the sensitivity of 25 wV/10 mm 
on the second postoperative day. Arterial blood 
pressure and cardiac output as well as body tem- 
perature were unstable, although dantrolene was 
continuously given (100-200 mg/day). Postopera- 
tive laboratory data revealed a marked increase in 
CK (>15,000 IU/L, MM type) and in myoglobin 
(15,300 ng/mL). 

On the fourth postoperative day, a sudden de- 
crease in arterial blood pressure was followed by 
ventricular fibrillation, and no cardiac response was 
sustained during cardiopulmonary resuscitation. 

The parents of the first patient were studied by in 
vivo phosphorus nuclear magnetic resonance (°'P 
NMR) spectroscopy. (The patient could not be stud- 
ied because of implanted stainless-steel rods.) The 
basic protocol and techniques have been detailed 
elsewhere, and a slightly modified technique was 
used (1,2). Nuclear magnetic resonance spectra of the 
wrist flexor muscles were obtained during rest, exer- 
cise, and postexercise recovery. Resting spectra were 
averaged for 5 min. After the collection of resting 
data, each subject began an exercise for 5 min. At the 
end of exercise, recovery was followed for 5 min in 
1-min blocks. The spectra were processed and plotted 
with an x-y plotter. A common baseline for all peaks 
was determined, and peak heights for inorganic 


; NA, not applicable because of lower signal to noise ratio. 


PCr/Pi 





exercise ] 2 3 4 5 
time after exercise (min) 


Figure 1. Postexercise recovery of the PCr/Pi ratio in the parents of 
the patient with malignant hyperthermia. 


phosphate (Pi) and phosphocreatinine (PCr) were 
obtained to calculate its ratio. Intracellular pH was 
also determined from the chemical shift of Pi from 
PCr. These tests were repeated twice to evaluate the 
reproducibility. Both subjects revealed resting Pi/PCr 
values of 0.21 and 0.23, which were higher than the 
suggested normal value of 0.18 (Table 1) (1). Postex- 
ercise recovery of PCr/Pi was also measured, and no 
linear increase after exercise was found (Figure 1). 


Discussion 


There have been no clinical reports regarding 
sevoflurane-associated MH. A few animal studies 
demonstrated the higher incidence of MH by sevo- 
flurane anesthesia in MH-susceptible animals (3-5). 
Such reports suggest MH may be induced in suscep- 
tible patients. We described two patients in whom 
MH developed during sevoflurane anesthesia. Al- 
though sevoflurane was not the sole agent adminis- 
tered during anesthesia, other agents administered 
were “safe” agents for MH-susceptible patients ex- 
cept isoflurane in the second case (6-8). In the first 
case, sevoflurane was most likely responsible for the 
MH. In the second case, either isoflurane or sevoflu- 
rane might have induced MH, as late onset of MH by 
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isoflurane must be considered because of the use of 
depressants and a nondepolarizing muscle relaxant 
(3). It is also possible that the combination of isoflu- 
rane and sevoflurane could have potentiated the 
susceptibility of MH in that patient. 

In vivo phosphorus NMR spectroscopy demon- 
strated that MH-susceptible patients showed a higher 
resting value of Pi/PCr (0.202 + 0.044) than that 
obtained from MH-negative patients (0.157 + 0.043), 
and the lower limit for a positive result was proposed 
to be 0.18 (1). The degree of linear increase in PCr/Pi 
in the postexercise period is also less than normal (0.9 
and 2.4 PCr/Pi per minute, respectively), and the 
lower limit for a positive finding was proposed to be 
1.0 PCr/Pi per minute (1). Olgin et al. (9) also sug- 
gested that a positive finding in either test is needed 
to consider MH susceptibility. In that report, 88% of 
MH-susceptible patients who showed abnormally 


high resting Pi/PCr values revealed a normal recovery © 


increase in the PCr/Pi ratio after exercise. In the 
present report, the parents of the first patient showed 
higher resting values, which may suggest MH sus- 
ceptibility. On the other hand, a linear increase was 
not found, and the initial increase in PCr/Pi was more 
than 4. Previous reports in MH-susceptible patients 
showed a wide variety of values ranging from less 
than 0.5 to more than 3.5 (1,9). The overshoot of 
PCr/Pi that was found in both cases is considered to 
be a common phenomenon in MH-negative patients 
(1). As the caffeine-halothane contracture test, which 
is the standard test to evaluate MH susceptibility, 
could not be done in these cases (10), their MH 
‘susceptibility is still in question. However, a higher 
resting value of Pi/PCr may suggest an abnormal 
metabolic state in skeletal muscle in these cases. 
Obviously, further study is needed to elucidate 
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whether the positive findings of **P NMR spectros- 
copy may suggest MH susceptibility. This technique 
may have an important role in the investigation of the 
mechanism and susceptibility of MH that is associ- 
ated with sevoflurane anesthesia in clinical cases, as 
there is no least-invasive method to examine such 
question. 
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Letters to the Editor 


Epidural Blood Patch Does Cause a 
Decrease in Heart Rate 


To the Editor: 


We read with interest the letter by Ramsay and Roberts that 
suggested an epidural blood patch (EBP) may increase and 
maintain cerebrospinal fluid pressure because blood ad- 
ministered in the epidural space coagulates (1). We report 
another physiologic change noted when an EBP is per- 
formed in ‘healthy parturients. 

After obtaining institutional review board approval and 
patient informed consent, we examined the effect of an EBP 
in 10 healthy ASA I or II parturients who requested EBP for 
postdural puncture headache. Noninvasive electroenceph- 
alography, electromyography, electrocardiography, and 
pulse oximetry were monitored continually before, during, 
and 30 min after EBP administration. Each patient’s arterial 
blood pressure was monitored every 5 min during the time 
interval mentioned. Each patient had an EBP-done while in 
a sitting position with a 17-gauge Tuohy epidural needle 
placed in the epidural space at L2-3 or L3-4 through which 
15 mL of autologous blood was administered in a sterile 
fashion. Each parturient exhibited a statistically significant 
(Student's t-test, P < 0.05, with each patient serving as 
their own control) decrease in ‘heart rate from a mean 
baseline of 88.6 (+7.31) beats/min to 51.3 (+7.60) beats/min 
within 122.6 (+16.9) s from the time of the EBP. Bradycar- 
dia was observed for a duration of 12.4 (+1.1) s. The 
velocity of epidural blood administration was 0.5 mL/s. . 

Because of these findings, we have initiated a further 
multiinstitutional study investigating changes in hemody- 
namic variables using noninvasive hemodynamic monitor- 
ing during EBP. Furthermore, we are initiating a laboratory 
investigation utilizing invasive hemodynamic monitoring 
to study hemodynamic variables during EBP. As a result of 
our preliminary findings we recommend that an EBP be 
administered with intravenous access and electrocardio- 
graphic monitoring. 

William E. Ackerman I, MD 
Mushtaque Juneja, MD, FFARCS 
Peter J. Andrews, MD, FFARCS 
Victoria Cases-Cristobal, MD 

Angel M. Gomez, MD 

Department of Anesthesiology 

Norton Hospital and 

Untuersity of Louisville College of Medicine 
Louisville, KY 40291 
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Insidious Illness and Performance 


To the Editor: 


Much hag been written about factors that may affect the 
anesthesiologist’s performance. Last year Weinger and 
Englund published an extensive article in the journal An- 
esthesiology with nearly 300 references (1). Variables ranging 
from ambient temperature to fatigue and interpersonal 
relations were discussed. I would like to share an experi- 
ence that highlights the need to be aware of yet another 
factor affecting performance: insidious disease. ` 
Recently, one of our residents appeared tired, pale, and 
lacking energy. This individual was known for his dedica- 
tion and hard work. When I asked him “Are you sick?” He 
replied: “No, I am just a little tired and I was on call last 
night.” And when I asked: “Why are you so pale?” The 
answer was: “I have not been in the sun for a while.” 
Others, concerned, also inquired obtaining similar an- 
swers. We must have collectively rationalized: After all, he 
has been working hard and simply looks pale. Substance 
abuse was considered. Several days later, while in the 
operating room holding area, the resident became dizzy, 
clammy, and diaphoretic. His pulse was weak and fast. We 
positioned him supine on a stretcher and someone spun a 
hematocrit. To everyone's astonishment it was only 15%! It 
was repeated and confirmed. He was transferred to the 
Emergency Room, admitted to the hospital, and required 
several units of blood. The diagnosis was iron deficiency 
anemia due to chronic bleeding from hemorrhoids. 
Although many £ factors can influence the anesthesiolo- 
gist’s performance, we, as physicians, must also consider 
insidious disease as yet another possibility, even in young 
healthy residents. 
Rafael Orte 
Department ues 
Boston University School of Medicine 
88 East Newton. Street 
Boston, MA 02118-2393 
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Training 3 in Antibiotic Administration 


To the Editor: | 
Anesthesiologists are often responsible for administering 


antibiotics in the perioperative period, mainly as prophy- 
laxis against age) wound infections. Unlike their train- 
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Table 1. How Anesthesiology Residents Would 
Administer Antibiotics 


Don’t 

Infusion Bolus know 
(%) (%) (%) 
Natural penicillins 35 42 23" 
Semisynthetic penicillins 32 29 39° 
Cephalosporins 35 39 26° 
Aminoglycosides 65 10 25° 
Clindamycin 45 16 39 
Vancomycin 77 0 23° 


“Lack of proper antibiotic administration knowledge. 


ing in anesthetic drug administration, anesthesiologists 
may not always be well trained in antibiotic administration 
or aware of antibiotics’ potential side effects or interactions 
with anesthetic agents. To evaluate the frequency of peri- 
operative antibiotic use and to assess our residents’ training 
and knowledge of antibiotic administration, a repre- 
sentative sample (57%) of postgraduate year (PGY) 2, 
PGY3, and PGY4 anesthesiology residents at a medical 
school-affiliated hospital were randomly and individually 
questioned about (a) how they were instructed in antibiotic 
administration, (b) how they would administer penicillins, 
cephalosporins, aminoglycosides, clindamycin, and vanco- 
mycin (bolus or infusion) in the perioperative period, and 
(c) whether they would administer a particular antibiotic as 
an infusion and the reason. y Tests were used to analyze 
for significant differences between years of residency for 
each response. Operating room records for a 6-mo period at 
the hospital were retrospectively reviewed for the number 
of operations requiring an anesthesiologist and the number 
of patients who received each type of antibiotic during 
these operations. 

We found that antibiotics were administered to 60% of 
surgical patients who required an anesthesiologist over the 
6-mo period, with cephalosporins used for 55%, penicillins 
for 21%, aminoglycosides for 14%, and other antibiotics for 
each less than 3% of these operations. The residents’ main 
source of training in antibiotic administration was anesthe- 
siology faculty (36%), with 19% trained by another resi- 
dent, 13% by miscellaneous sources, and 32% indicating 
they had received no training. Table 1 summarizes how the 
antibiotics were generally given. For each antibiotic, at least 
23% of the residents did not know the correct administra- 
tion technique. There were no significant differences be- 
tween years of residency and administration technique for 
all the antibiotics except clindamycin (P = 0.025); one-third 
of the PGY2 residents responded that they would admin- 
ister clindamycin as an infusion, whereas two-thirds of the 
PGY4 residents responded they would administer the an- 
tibiotic as an infusion, 

The reasons given for administering each drug as an 
infusion included major allergic reactions (anaphylaxis, 
hypotension, bronchospasm) in 28% of the responses, 
minor allergic reactions (e.g.; red man’s syndrome, pruri- 
tus, rash) in 13%, and specific organ toxicity (nephrotoxic- 
ity and ototoxicity) in 19% of the responses. In 41% of the 
responses, the residents indicated they did not know why 
the antibiotic should be administered as an infusion. The 
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possibility of drug interactions, such as with neuromuscu- 
lar blockers, was not cited by any of the residents. 

For a group of drugs so frequently used by anesthesiol- 
ogists, more emphasis should be placed on instructing 
residents in their administration, potential side effects, and 
treatment of adverse reactions. Unfortunately, as our sur- 
vey indicates, more than one-half of our residents received 
no formal training in antibiotic administration over their 
4-yr residency, which is reflected in the fact that at least 
23% were unaware of proper administration technique or 
why it is important. Although our data indicate that the 
more experienced resident was more likely to administer 
perioperative antibiotics correctly and was more aware of 
potential adverse outcome, there were no statistical differ- 
ences between years of residency for all but one question 
on the survey. Patient safety may also be improved if 
anesthesiology residents were better educated in antibiotic 
use. Some possibilities for improving education include 
increasing awareness of staff anesthesiologists, designating 
educational sessions, and emphasizing the topic during 
non-operating room training blocks such as intensive care 
unit rotations. 7 
Eugene Y. Cheng, MD 
Nordeana Nimphius, MS 
Department of Anesthestology 
Medical College of Wisconsin 
8701 Watertown Plank Road 
Milwaukee, WI 53226 
Cynthia R. Hennen, BSPharm 
Pharmacy Department 
Froedtert Memorial Lutheran Hospital 
9200 West Wisconsin Avenue 
Milwaukee, WI 53226 


A Simple Device for Administration 
of Topical Anesthesia to the 
Upper Airway 


To the Editor: 


Topical anesthesia of the upper airway is necessary when- 
ever we need a thorough examination of the airway as in 
laryngoscopy or need to reduce the stress of tracheal 
intubation. We have at the present time a limited choice of 
pressurized bottles of local anesthetics (Cetacaine, Cetylite 
Industries, Pennsauken, N. J., 10% Xylocaine Oral Spray, 
Astra Pharmaceutical Products, Westborough, Mass.) or 
the atomizer. 

The pressurized bottles of local anesthetics are easy to 
use, but it is difficult to know how much local anesthetic is 
delivered. There is a danger of overdosage. The atomizer is 


cumbersome, and it delivers highly variable droplet size. 


I use a simple device that can be made with available 
supplies in any operating room (Figure 1). The parts are an 
intravenous extension set (preferably a long one), a No. 3 
pediatric endotracheal tube adapter, -a three-way stopcock, 
a backcheck valve, a plastic syringe, and a 20-gauge angio- 
catheter. 

‘The female end of the intravenous extension set is 
connected to the endotracheal tube adapter, which is con- 
nected to the gas outlet of the anesthesia machine. The 
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A. 20G angiocatheter 
B. 3 way stopcock 

C. Backcheck valve 
D. Syringe 

E. IV extension 


F. N-3 ET adapter 





F 


Figure 1. Schematic of simple device for administration of topical 
anesthesia to the upper airway. 


needle end of the intravenous extension set is connected to 
the female end of a three-way stopcock whose male end is 
connected to a 20-gauge angiocatheter. The appropriate 
syringe (3, 5, or 10 mL) that contains a predetermined 
amount of local anesthetic will be connected to a backcheck 
valve, and this valve is connected to the upright female 
adapter of the three-way stopcock (its arrow is turned 
downward to allow communication of the lumens). 

Usually a 2.0-L/min flow of oxygen is enough to provide 
adequate air pressure through the 20-gauge angiocatheter. 
As the piston of the syringe is gently pushed down, a fine 
mist of local anesthetic will be delivered from the tip of the 
angiocatheter. 

The advantages of this device are (a) oxygen is the 
driving force, (b) we can control the total dose of local 
anesthetic, (c) medication is delivered in a fine mist, (d) the 
backcheck valve prevents oxygen reflux into the syringe, 
and (e) the cost of the parts and the local anesthetic is less 
than the cost of the pressurized bottle. The intravenous 
extension and the endotracheal tube adapter are reusable. 


Dung Q. Tran, MD 

Department of Anesthesia 

Georgetown University Medical Center 
3800 Reservoir Road, N.W. 
Washington, D.C. 20007-2197 


NPO Includes Chewing Gum 


To the Editor: 


The anesthesia literature describes the tracheal aspiration of 
a wide assortment of foreign bodies including teeth, pieces 
of anesthesia equipment, dried mucus, and insects as well 
as stomach contents (1-3). Proper anesthetic induction 
techniques and equipment maintenance along with en- 
forced adherence to preoperative fasting (NPO) guidelines 
should prevent pulmonary aspiration. Historically, these 
guidelines emphasized the risks of gastric acids, particulate 
fluids, and solids. To our list of aspiration risks we are now 
adding chewing gum. 

We recently anesthetized a 13-yr-old girl for facial sur- 
gery who denied any recent intake of food or fluids. After 


LETTERS TO THE EDITOR 621 





Figure 1. Chewing gum stuck to nasogastric tube. 


a routine intravenous induction and endotracheal intuba- 
tion, we attempted to pass a nasogastric tube to empty the 
stomach of any air or fluid. The tube did not seem to 
function properly and when we withdrew it the lumen was 
clogged with chewing gum (Figure 1). Examination of the 
larynx and trachea fortunately revealed no gum. After 
awakening, the patient again denied taking anything by 
mouth and did not realize that chewing gum might violate 
this rule. 

Clinically significant pulmonary aspiration of gastric 
contents is a rare event today (4). Most anesthesiologists 
are modifying their NPO guidelines to allow for shorter 
periods of fasting and more liberal intake of glucose- 
containing fluids before surgery in adolescents and chil- 
dren. However, none of the new, more liberal guidelines 
promotes the intake of solids or permits the presence of 
chewing gum in the mouth. Both of these possibilities 
require specific questioning and education because patients 
do not understand their importance. 


Brian Kradel, MD 

Anne Hackett, MD 
Robert Johnstone, MD 
Department of Anesthesiology 
West Virginia University 
Morgantown, WV 26506 
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Anesthetic Management of a 
Pediatric Wada Test 


To the Editor: 


Wada originally described the unilateral intracarotid injec- 
tion of amobarbital to determine language dominance be- 
fore lobectomy for treatment of epilepsy (1,2). The patient 
must be alert and able to communicate with examiners 
during the Wada test. The internal carotid catheter line is 
placed usually via the femoral artery. Line placement in 
adults is done with local anesthesia; however, local anes- 


622 LETTERS TO THE EDITOR 


thesia in pediatric patients may be unsatisfactory. A brief 
period of unconsciousness may be necessary during line 
placement. The anesthetic management of pediatric pa- 
tients undergoing the Wada test has not been previously 
described. 

Our patient was an otherwise healthy 16-yr-old, 63-kg 
boy with a history of intractable seizures for which he had 
undergone a left temporal lobectomy and partial left frontal 
lobectomy 6 yr before this admission. He had remained 
seizure free for several years but began to have increasingly 
frequent seizures again despite adequate levels of carba- 
mazepine. Further surgery was contemplated to remove 
the seizure focus. A Wada test was scheduled. Because of 
preexisting neurologic deficits, it was believed that anes- 
thesia would be necessary during insertion of the femoral 
arterial catheter. 

Routine monitors were placed and anesthesia was in- 
duced with alfentanil (1150 ug total) and propofol (90 mg 
total) in divided doses. The groin was infiltrated with 1% 
lidocaine, and the femoral catheter was placed without 
difficulty. The patient regained consciousness within 5 min 
and quickly returned to his usual neurologic status. Three 
intracarotid amobarbital injections were administered. The 
results of the test were interpreted by the attending pedi- 
atric neurologist as inconclusive secondary to the patient's 
underlying neurologic deficits. 

The Wada test is done to determine language dominance 
before temporal lobectomy. As the language centers can be 
damaged or removed during temporal lobe surgery, deter- 
mination of language dominance has a direct impact on the 
type and extent of surgery. Motor function, level of con- 
sciousness, speech, and language are evaluated. It is abso- 
lutely essential that the patient be alert and able to commu- 
nicate with the examiners. As there is only a brief period 
between placement of the femoral catheter and injection of 
the amobarbital, short-acting anesthetic agents are essen- 
tial. 

Before this case, anesthesia for femoral artery catheter- 
ization for pediatric Wada tests was usually done with 
methohexital combined with a short-acting narcotic or 
nitrous oxide. Propofol would seem to be an ideal drug for 
this clinical situation. Studies by Valtonen, Puttick, and 
Mirakur found that propofol had a shorter recovery time 
than did thiopentone or the combination of thiopentone- 
nitrous oxide-halothane (3-5). 

In summary, we have presented the first described case 
of a pediatric Wada test in which propofol was used as an 
ultrashort-acting anesthetic agent for femoral arterial cath- 
eterization. Further studies need to be done to determine if 
propofol is preferrable to methohexital for this purpose. 


Robert A. Binner, Jr., MD 

Brian Ginsberg, MD 

Edmond C. Bloch, MB, ChB, FFARCS 
David G. Mason, MBBS, DA, FFARCS 
Box 3094 

Department of Anesthesia 

Duke University Medical Center 

Durham, NC 27710 
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Light-Wand Intubation for Cervical 
Spine Injuries 


To the Editor: 


I enjoyed the review article by Hastings and Marks on cervical 
spine injury (1) and especially agree with the second para- 
graph in the conclusion, “There are few data... .” I would, 
however, like to add light-wand or translumination technique 
of oral intubation to their review of airway management. The 
technique is easily learned, may be accomplished without 
extending the head, permits cricoid pressure to be used, is 
effective when blood or secretions are present, and can be 
used in intoxicated or uncooperative patients. At the Univer- 
sity of South Alabama we have attempted this technique in 15 
of the last 32 patients with cervical spine injury with success 
in 13, the two failures being due to inexperience. I have had 
no failures in 28 cervical spine cases over the last 4 yr when I 
personally supervised or demonstrated the technique. 

At any rate, skill with light-wand intubation should be 
added to the armamentarium of all anesthesiologists who 
deal with this difficult but fascinating problem. 


F. Robert Weis, Jr., MD 
Department of Anesthesiology 
College of Medicine 
University of South Alabama 
2451 Fillingim Street 

Mobile, AL 36617 
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In Response: 


Dr. Weis’ success with the light wand is encouraging, and 
some anesthesiologists might find it useful in emergencies. 
The lack of direct vision is a disadvantage, however. 
Attempts to place the light wand blindly may be difficult or 
dangerous in patients with injuries to the neck, face, or 
pharnyx. 

A skillful anesthesiologist may consider one of several 
tracheal intubation techniques for patients with potential 
cervical spine injury, and the choice may vary with the 
situation. Safety toward the injured spine has not been 
adequately tested for any technique. 


Randolph H. Hastings, MD, PhD 
James D. Marks, MD 

Department of Anesthesia 

University of California, San Francisco 
School of Medicine 

San Francisco, CA 94110 
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Bullard Laryngoscopy for Trauma 
Airway Management in Suspected 
Cervical Spine Injuries 


To the Editor: 


We read with interest the review by Hastings and Marks 
(1). Airway management in multiply injured patients is a 
complicated issue. In elective situations, flexible fiberoptic 
intubation is generally the preferred method. However, its 
role in the management of unstable patients in need of 
urgent airway control is limited. 

Grande et al. (2) advocate direct laryngoscopy with 
manual in-line axial stabilization and a rapid sequence 
technique in the absence of anticipated difficult intubation. 
This approach is accepted by most trauma anesthesiolo- 
gists. As emphasized by Hastings and Marks (1), the 
potential for neck movement with this approach does exist, 
although neurologic injury is infrequent. 

We suggest that the Bullard laryngoscope (CIRCON 
ACMI, Stamford, Conn.) may be an ideal instrument for 
early management of patients with potential cervical spine 
injuries. The Bullard laryngoscope (Figure 1) is an anatom- 
ically shaped, rigid fiberoptic laryngoscope that provides 
an indirect view of the larynx (3). It does not require 
alignment of oral, pharyngeal, and tracheal axes for intu- 
bation. Therefore, extension and flexion are avoided and 
neutral neck position can be maintained. 

The technique differs from conventional laryngoscopy 
and is illustrated in Figure 2. The blade is inserted midline 
in the oral cavity, much like an oral airway. The laryngo- 
scope is rotated from a horizontal to a vertical position 
following the posterior pharynx. Slight posterior displace- 
ment positions the blade beneath the epiglottis, exposing 
the larnyx. 

Personal experience with the adult version of the Bullard 
laryngoscope parallels that of Saunders and Giesecke (4). It 
provides rapid laryngeal visualization and orotracheal in- 
tubation. There is a low risk of failed intubation, with 
success rates approaching 95% (unpublished data). No 
neck extension or flexion is required during laryngoscopy, 
and the technique is easily mastered. We believe the 
Bullard laryngoscope demonstrates great promise for air- 
way management in trauma patients with suspected cervi- 
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Figure 2. Technique for insertion of the Bullard laryngoscope. 
Note the “scooping” movement for proper placement. 


cal spine injury and deserves further investigation and 
consideration. 


Kenneth J. Abrams, MD 
Nalini Desai, MD 

Tatyana Katsnelson, MD 
Department of Anesthesiology 
Albert Einstein College of Medicine 
Montefiore Medical Center 

Bronx, NY 10461 
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Section Editor 
Norig Ellison, MD 


Book Reviews 


Drug and Anesthetic Effects on Membrane 
otructure and Function 


R. C. Aloia, C. C. Curtain, and L. M. Gordon, eds. New 
York: Wiley-Liss, 1991, 262 pp, $165.00. 


This volume is a collection of succinct monographs on the 
interaction of compounds with biological membranes and 
the functional consequence. There is a heavy emphasis on 
anesthetics, but a wide variety of drugs, including some 
endogenously generated compounds, are discussed. 

_ The first two chapters are concise and well-written 
reviews on the membrane effects of general anesthetic that 
set the stage for current theories and controversies. Al- 
though both chapters concentrate on the lipid component, 
different sites are emphasized. Trudell discusses how these 
drugs affect fluidity from a presumed interaction with the 
hydrophobic core, and Ueda focuses his attention on the 
phospholipid-water interface. In the next chapter, Curatola 
gives a more detailed and current look at biological mem- 
branes, with an outstanding section on membrane proteins 
and a discussion of how anesthetics may alter their struc- 
ture and function. 

The next three chapters focus on specific membrane 
protein systems. Akeson and Deamer discuss how anes- 
thetic mechanisms may be dissected using the GABAa 
receptor complex, whereas Urry and Sandorfy promote a 
more pluralistic theory: many sites with many mechanisms: 
In the last chapter of this trilogy, Deliconstantinos argues 
that even small changes in membrane fluidity may have 
substantial effects on protein function, and he promotes the 
concept of drug selectivity through asymmetric partition- 
ing. The quote that best sums up these six chapters on 
anesthetic drugs is provided by Urry and Sandorfy: “We 
conclude from the above considerations that we have to 
face the problem of the mechanism of anesthesia with an 
open mind.” 

The next three chapters discuss how some diverse 
amphiphilic drugs may influence membrane structure and 
function. Friesleben and Zimmer review psychotropic 
drugs, such as the phenothiazines; and Chatelain examines 
the effect of amiodarone and propranolol on Na/K ATPase. 
Chatelain promotes the concept of optimal fluidity to ex- 
plain the observation that drugs that change fluidity in 
opposite directions produce a similar alteration in protein 
function. Of course, it is also possible that the drug’s action 
is not mediated through fluidity at all. The last chapter in 
this trilogy on exogenous amphiphiles is devoted to etha- 
nol. Wilce et al. provide a succinct review of the effects of 
ethanol on a variety of neurotransmitter systems, with no 
apparent bias as to a protein or lipid site. This chapter 
concludes: ”. .. no explanation taken in isolation is en- 
tirely satisfactory, and it may be that the action of ethanol is 
multifaceted.” 
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The next trilogy of chapters shifts away from drugs and 
deals with endogenously generated compounds that can 
interact with membranes. Han and Gross discuss the 
pathologic production of amphiphilic compounds, such as 
lysophospholipids and acylcarnitines, and propose mecha- 
nisms whereby they contribute to ischemic pathology. 
Waring et al. discuss how normal proteins, such as the 
hydrophobic lung surfactant-specific proteins, are impor- 
tant to the ultimate structure and function of the alveolar 
lining layer. Unfortunately, this interaction is poorly un- 
derstood, so the chapter does little except to introduce the 
concept and review normal surfactant physiology. The final 
chapter by Bentz introduces another class of membrane- 
active proteins: the fusion proteins. These proteins facilitate 
such normal processes as secretion or may be associated 
with pathology. Although membrane fusion is also not 
understood, this chapter nicely ties the theme of this book 
with that of the next volume in the series, which will deal 
predominantly with viral fusion proteins and mechanisms. 

Overall, this volume is a gold mine of information. Each 
chapter is well written, edited, and referenced. Although a 
fair amount of redundancy exists, the angle is always 
different and thus the repetition serves to provide the 
reader with a common point of reference. This reviewer 
found the book to be an excellent source of information for 
lectures, papers, and grant applications. Although most of 
the book is very readable and readily understood, it is not 
intended for the casual reader or clinician. However, this 
volume would be an invaluable addition to the library of 
investigators of anesthetic mechanisms and drug effects on 
membranes and to that of academic clinicians with an 
interest in how drugs may work at the membrane level. 


R. G. Eckenhoff, MD 
University of Pennsylvania 
Philadelphia, Pennsylvania 


Pharmacology and Physiology in 

Anesthetic Practice 

R. K. Stoelting, ed. Philadelphia: J.B. Lippincott, 1991, 
896 pp, $89.50. 


It was with pleasure that this reviewer undertook the task 
of reviewing this book. The first edition gave every student 
of modern anesthesia an important combination of physi- 
ology and pharmacology in one volume. 

The approach to each subject is still clear and progres- 
sive until, by the end of any topic, a definite level of 
knowledge is attained. The first chapter on pharmacokinet- 
ics and pharmacodynamics of injected and inhaled drugs is 
a good example of the stepwise clarity, a common theme of 
the book. This clarity is maintained in the inhaled anes- 
thetic section except for some detail that is lost in the 
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discussion of metabolic cerebral effects and the changes 
induced in coronary blood flow. The chapter on benzodi- 
azepines is well worth reading, but is lacking in references 
on the innovative clinical methods now used by many 
practitioners. 

The chapter on local anesthetics is very good, leading 
this reviewer through up-to-date principles and mecha- 
nisms in 20 pages. Sophisticated selection of topics reduced 
redundant reading and left one with a definitive feeling of 
a worthwhile effort of learning. 

Many of the chapters were read with interest, such as 
the very well written one on muscle relaxants, which is 
very éasy to read, emphasizes the appropriate points, and 
is complete. The chapter does assume some prior knowl- 
edge and is not for the beginning student. Careful reading 
of this section will ensure a very good working knowledge 
of muscle relaxants and is backed by a more than adequate 
reference list. 

Surprisingly, the chapter on sympathomimetics was 
curtailed to nearly just a list of drugs, many of which are 
minor in importance. The whole theory and philosophy of 
support by one sympathomimetic drug or another does not 
come across in this section. Anesthesiologists must be 
experts in treatment of the cardiovascular system, and this 
disproportionately small and less than detailed chapter 
lessens the importance placed by the book’s author on this 
area. The feeling that the whole of cardiovascular drugs are 
presented at a less sophisticated level than the other 
anesthetic drugs i is confirmed as the next set of chapters on 
dilators, antidysrhythmics, and calcium antagonists are 
read. 

Emphasis that has been placed on histamine and renin is 
appreciated as these are important areas often overlooked: 

The chapter on antibiotics is written as though it is for a 
surgical text level rather than for anesthesiologists. Rather 
than examples of surgical procedures that benefit from 
prophylactic antibiotics, a concentration on the anesthetic 
interactions of antibiotics would be more appropriate. 

Similarly, the extensive entry on cephalosporines. is 
unnecessary, and very important basic interactions of che- 
motherapeutic agents and anesthetics are hidden in excess 
detail. 

The section on physiology is in general clearly written 
and to the point with certain highlights of really good 
reading such as the nervous system. Again, the systemic 
circulation system is not state-of-the-art writing in this area 
and has a shortened reference section of hardly any use. 
The heart chapter is clearly written but very basic and again 
short on references. 

Overall, the book should be on the reading list of every 
resident. It can be easily and profitably used for the exams, 
but lacks some depth as a serious aid to the complex clinical 
issues of today’s much sicker patient that anesthesiologists 
are asked to anesthetize. 


Michael B. Howie, MD 
Ohio State University Hospitals 
Columbus, Ohio 
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Autologous Transfusion and Hemotherapy 


Howard F. Taswell and Alvaro A. Pineda, edb. Boston: 
Blackwell Scientific Publications, 1991, 282 pp, $54.94. 


The editors of Autologous Transfusion and Hemotherapy, who 
are physicians in the Section of Transfusion Medicine at the 
Mayo Clinic, recruited contributors from across the United 
States to produce a multiauthored collection. Neither the 
targeted audience nor, the goals of the volume are defined, 
thus somewhat handicapping a reviewet. However, as- 
suming that the reader is an anesthesiologist serving on an 
institution’s transfusion committee, what would he or she 
learn from this book? 

The chapter on history reviews both the technical tri- 
umphs and the basic scientific advances necessary for 
current medical practice. In the 1940s, intraoperative sal- 
vage was condemned as “slovenly and dangerous.” Most 
humbling is the slowness with which physicians advocated 
autologous transfusion until transfusion-associated AIDS 
was reported. | 

Frequently, the anesthesiologist or blood banking com- 
mittee may have to encourage a reluctant colleague to offer 
autologous transfusion to a patient, and thus occasionally 
put up with the resulting delays or inconvenierices. The 
chapter entitled “Avoiding the Hazards of Homologous 
Transfusions” will provide all the armaments that one may 
need. Topics range from the expected (AIDS and hepatitis) 
to the exotic (Chagas disease) to the locally important 
(babesiosis in the northeast United States). 

Many pregnant patients ask to give blood before term, 
leaving many physicians uncertain how to respond. Doctor 
Kruskall provides an answer by reporting her experience 
with 500 patients. Only 1.6% of parturient donors later 
received their own blood. Many physicians would conclude 
that a program of autologous transfusion with such a low 


- utilization is unwise. Unfortunately, the author could only 


identify patients with placenta previa as being more likely 
to need blood. Therefore, she does not recommend autol- 
ogous donation for any other parturients. . 

Many practitioners are reluctant to promote preopera- 
tive donation in their practice. Doctor Kruskall offers a 
practical solution to this problem. She outlines the duties of 
the blood bank donor recruiter who combs the surgical 
schedule and contacts both patient and surgeon to arrange 
the appropriate donation. Hopefully, the next edition will 
outline how to pay for this new position. 

Even a chapter as uninspiring as the ‘Role of a Regional 
Blood Center in Autologous Hemotherapy” offers a discus- 
sion on the unresolved issue of crossover of the unused 
autologous units to. the homologous blood supply. Patients 
often ask about this issue out of curiosity or economic 
self-interest. a 

In “Intraoperative Blood Salvage,” Dr. Kenneth 
Williamson outlines the essential elements of a quality 
assurance program for intraoperative blood salvage, a pro- 
gram rarely performed at many institutions. Anesthesiolo- 
gists may face the issue of the use of intraoperative salvage 
in the settings of malignancy and infection. This chapter 
provides an excellent summary of conflicting evidence and, 
on the basis of the available limited evidence, suggests a 
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clinical approach. Anyotie writing a clinical protocol for 
their own institution would betiefit from this discussion. . 
Several chapters such as “Autologous Mononuclear Gell 
Therapy” will be of litile. interest to anesthesiologists. The 
illustrations in the book.are limited hut clear. The index is 
excellent. In summary, although some material will be of 
interest to all anesthesiologists, this volume is primarily 
_ recommended to anesthesiologists who serve on transfu- 
_sion. committees or who are interested in improving a 
nonfunctiohal autologous transfusion program. 


Carter P. Dodge, MD 
Dartmouth-Hitchcock Medical Center 
Lebtnon, New Hampshire 
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For heart rate control during atrial fibrillation and flutter 
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FAST 





m 3-minute onset of action from first bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration’ 
m 1- to 3-hour duration of action with initial bolus 





SAFE 


m 4.3% incidence of asymptomatic hypotension’* 

m 3.2% incidence of symptomatic hypotension'* 

m 3.9% incidence of injection site reaction’ 

m 1.7% incidence of flushing’” 

mi Little negative inotropic effect" 

m Not to be used in patients with WPW and short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block, except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia, 


CONTINUOUS CONTROL 


m Heart rate control through infusion for up to 24 hours"? 


Cardizem Injectable is indicated for temporary contro! of rapid ventricular 
rate during atrial fibrillation and flutter; conversion to normal sinus rhythm 
is not greater than placebo. 


*Occurs most often during or immediately following bolus injection, 
tCaution should be used in patients with congestive heart failure. 
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CONVENIENT DOSAGE 





BOLUS: 0.25 mg/kg 


actual body weight 
over 2 minutes 


20 mg average patient 


BOLUS: 0.35 mg/kg 
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over 2 minutes 


25 mg average patient 


INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
Starting infusion for some 
patients. 
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BRIEF SUMMARY 


CARDIZEM” Injectable 
(diltiazem hydrochloride) 


INDICATIONS AND USAGE 

CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 

. Atrial Fibrillation or Atrial Flutter. Temporary contro! of rapid ven- 
tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 

. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vagal maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in patients 
with atrial fibrillation or atrial flutter or conversion to sinus rhythm in patients 
with PSVT should be undertaken with caution when the patientis compromised 
hemodynamically or is taking other drugs that decrease any or all of the fol- 
lowing: peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

of the ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 

In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 

bolus administration of CARDIZEM Injectable was effective in reducing heart 

rate by at least 20% in 95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM Injectable, response 
uSually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, it is generally short lived, but may last from 1 to 3 hours. 

A 24-hour continuous infusion of CARDIZEM Injectable in the treatment of atrial 

fibrillation or atrial flutter maintained at least a 20% heart rate reduction dur- 

ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent. 

In the controlled clinical trials, 3.2% of patients required some form of inter- 

vention (typically, use of intravenous fluids or the Trendelenburg position) for 

blood pressure support following CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 

effective in converting PSVT to normal sinus rhythm in 88% of patients within 

3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in conjunction with 

decreased heart rate or conversion to normal sinus rhythm following adminis- 

tration of CARDIZEM Injectable. 


CONTRAINDICATIONS 


CARDIZEM Injectable is contraindicated in: 
1 . Patients with sick sinus syndrome except in the presence of a functioning 
ventricular pacemaker. 
2. Patients with second- or third-degree AV block except in the presence of 
a functioning ventricular pacemaker. 
. Patients with severe hypotension or cardiogenic shock. 
. Patients who have demonstrated hypersensitivity to the drug. 
. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours). 
6. Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 
As with other agents which slow AV nodal conduction and do not prolong 
the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 
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sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
table. As such, the initial use of CARDIZEM Injectable should be, if 
possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/defibrillation, are present (see OVERDOSAGE). Once 
familiarity of the patient's response is established, use in an office setting 
may be acceptable. 


7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 
seconds) has resulted in hemodynamic deterioration and ventricular fibril- 
lation. Itis important that an accurate pretreatment diagnosis distinguish 
wide complex QRS tachycardia of supraventricular origin from that of 
ventricular origin prior to administration of CARDIZEM Injectable. 


WARNINGS 


1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely result in second- or third-degree AV block in sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions). If 
high-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
be discontinued and appropriate supportive measures instituted (see 
OVERDOSAGE). 


Congestive Heart Failure. Although diltiazem has a negative inotropic 
effect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function and in patients with a com- 
promised myocardium, such as severe CHF, acute MI, and hypertrophic 
Cardiomyopathy, have not shown a reduction in cardiac index nor consis- 
tent negative effects on contractility (dp/dt). Administration of oral diltia- 
zemin patients with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicated. Experience with the 
use of CARDIZEM Injectable in patients with impaired ventricular function 
is limited. Caution should be exercised when using the drug in such patients. 


3. Hypotension. Decreases in blood pressure associated with CARDIZEM 
Injectable therapy may occasionally result in symptomatic hypotension 
(3.2%). The use of intravenous diltiazem for control of ventricular response 
in patients with supraventricular arrhythmias should be undertaken with 
Caution when the patient is compromised hemodynamically. In addition, 
Caution should be used in patients taking other drugs that decrease 
peripheral resistance, intravascular volume, myocardial contractility 
or conduction. 


. Acute Hepatic Injury. In rare instances, significant elevations in enzymes 
such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted following oral diltia- 
zem. Therefore, the potential for acute hepatic injury exists following 
administration of intravenous diltiazem. 


. Ventricular Premature Beats (VPBs). VPBs may be present on conver- 
sion of PSVT to sinus rhythm with CARDIZEM Injectable. These VPBs are 
transient, are typically considered to be benign, and appear to have no 
Clinical significance. Similar ventricular complexes have been noted dur- 
ing cardioversion, other pharmacologic therapy, and during spontaneous 
conversion of PSVT to sinus rhythm. 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. The drug should be used with 
Caution in patients with impaired renal or hepatic function (see WARNINGS). 
High intravenous dosages (4.5 mg/kg tid) administered to dogs resulted in sig- 
nificant bradycardia and alterations in AV conduction. In subacute and chronic 
dog and rat studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic studies, 
oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver, which were reversible when the drug was discontinued. 
In dogs, oral doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 
Dermatologic events progressing to erythema multiforme and/or exfoliative 
dermatitis have been infrequently reported following oral diltiazem. Therefore, 
the potential for these dermatologic reactions exists following exposure to 
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intravencus diltiazem. Should a dermatologic reaction persist, the drug should 
be discontinued. 

Drug Interactions. Due to potential for additive effects, caution is warranted 
in patients receiving CARDIZEM Injectable concomitantly with any agent(s) 
known to affect cardiac contractility and/or SA or AV node conduction 
(see WARNINGS). 


Aswith all drugs, care should be exercised when treating patients with multi- 
ple medications. CARDIZEM undergoes extensive metabolism by the 
cytochrome P-450 mixed function oxidase system. Although specific phar- 
macokinetic drug-drug interaction studies have not been conducted with single 
intravenous injection or constant rate intravenous infusion, coadministration 
of CARDIZEM Injectable with other agents which primarily undergo the same 
route of biotransformation may result in competitive inhibition of metabolism. 
Digitalis: Intravenous diltiazem has been administered to patients receiving 
either intravenous or oral digitalis therapy. The combination of the two drugs 
was well tolerated without serious adverse effects. However, since both drugs 
affect AV nodal conduction, patients should be monitored for excessive slowing 
of the heart rate and/or AV block. 

Beta-blockers: Intravenous diltiazem has been administered to patients on 
chronic oral beta-blocker therapy. The combination of the two drugs was gener- 
ally well tolerated without serious adverse effects. If intravenous diltiazem is 
administered to patients receiving chronic oral beta-blocker therapy, the pos- 
sibility for bradycardia, AV block, and/or depression of contractility should be 
considered (see CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. In vitro, propranolol appears to be displaced from its binding sites 
by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and automa- 
ticity as well as the vascular dilation associated with anesthetics may be poten- 
tiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study 
in rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of car- 
cinogenicity. There was also no mutagenic response in vitro or in vivo in mam- 
malian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in a study performed in male and female rats at oral dosages of up 
to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of oral doses ranging from five to ten times 
greater (on a mg/kg basis) than the daily recommended oral antianginal ther- 
apeutic dose has resulted in embryo and fetal lethality. These doses, in some 
Studies, have been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at doses of 20 
times the human oral antianginal dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report with oral 
diltiazem suggests that concentrations in breast milk may approximate serum 
levels. If use of CARDIZEM is deemed essential, an alternative method of infant 
feeding should be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 


The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/flutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
in over 1,300 patients was similar. 

Adverse events reported in controlled and uncontrolled clinical trials were gener- 
ally mild and transient. Hypotension was the most commonly reported adverse 
event during clinical trials. Asymptomatic hypotension occurred in 4.3% of 
patients. Symptomatic hypotension occurred in 3.2% of patients. When treat- 
ment for hypotension was required, it generally consisted of administration 
of saline or placing the patient in the Trendelenburg position. Other events 
reported in at least 1% of the diltiazemn-treated patients were injection site reac- 
tions (eg, itching, burning)—3.9%, vasodilation (flushing)—1.7%, and 
arrhythmia (junctional rhythm or isorhythmic dissociation) — 1.0%. 

In addition, the following events were reported infrequently (less than 1%): 


Cardiovascular: Atrial flutter, AV block first degree, AV block second 
degree, bradycardia, chest pain, congestive heart 
failure, sinus pause, sinus node dysfunction, syncope, 
ventricular arrhythmia, ventricular fibrillation, ventric- 
ular tachycardia. 

Dermatologic: Pruritus, sweating. 

Gastrointestinal: Constipation, elevated SGOT or alkaline phosphatase, 
Nausea, vomiting. 

Nervous System: Dizziness, paresthesia. 

Other: Amblyopia, asthenia, dry mouth, dyspnea, edema, 


headache, hyperuricemia. 
Although not observed in clinical trials with CARDIZEM Injectable, other 
reactions associated with oral diltiazem may occur. 
Product information as of October 1991 





References: 1. Data on file, Marion Merrell Dow Inc 
2. Ellenbogen KA. Dias VC, Plumb VJ. Heywood JT, Mirvis 
DM. J Am Coll Cardiol. 1991; 18:89 1-897 
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CARDIZEM INJECTABLE...HEART RATE CONTROL 


THAT IS FAST, SAFE, AND CONTINUOUS 
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Please see last pages 
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Significantly improved speed and 
quality of recovery compared 
with thiopental/isoflurane 


Mean postanesthesia recovery times (min)! 


Thiopental/ 
DIPRIVAN isoflurane 


Duration of anesthesia 09" 57 


Response to commands 3.0" 6.1 
Fully oriented a ko 9.4 
Able to tolerate fluids or 130 
“Ready” for discharge 138" 206 





—adapted from Korttila et al, p A564' 
*Statistically significant (P < .05). 
Measurements taken from time of discontinuation of all maintenance anesthesia. 


E Majority of patients are generally 
awake, responsive, and oriented 
within 8 minutes 
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,ecover, and 
anesthetic control 


Significantly less nausea and vomiting 
than wi 


As part of a balanced anesthetic technique, 
DIPRIVAN is a cost-effective alternative 

to thiopental/isoflurane for induction and 
maintenance. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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Maintenance of anesthesiaas 
easily controlled as with 
> isoflurane 
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Time (minutes) 






3 —adapted from Herregods et al, p 3644 
*Significant difference (P< .05) from previous value. l 
**P< .02. (Mean and SEM values are shown.) 


After a loading dose of 2 mg/kg, anesthesia was maintained with 150 ug/kg/min for 
30 minutes—then 100 pg/kg/min for 90 minutes4 


E Total body clearance exceeds 
estimates of hepatic blood flow 





4G-active metabolites produced 


etic agents, clearance rate of DIPRIVAN decreases in elderly patients. — 


,ecove:yand = 
anesthetic control 


Hemodynamic effects are controllable 
and dose-dependent 


g Blood premu (BP) predictably decreases on 
/ etimes > 30%) but is within 
ages.or healthy individuals* 


m Hemodynamic effects during induction are 


generally more pronounced than with traditional 
IV induction agents 


After initial decreases in BP following induction, — 
hemodynamics return toward baseline 


The cardiovascular effects of DIPRIVAN may be increased in patients who have received sedative or narcotic premedications.’ 


DIPRIVAN is not a narcotic agent 
When used with NoO/Qs» for maintenance, supplementation with IV analgesic agents is generally required; muscle relaxants may also 
be required. 
Strict aseptic techniques must always be maintained while handling DIPRIVAN. DIPRIVAN is a single-use parenteral product 
and contains no antimicrobial preservatives. DIPRIVAN Injection should be prepared for use just prior to initiation of each 
individual anesthetic procedure. DIPRIVAN Injection should be drawn into sterile syringes immediately after ampules are 
opened. Administration should commence promptly and be completed within 6 hours after the ampules have been opened. 
*Elderly, debilitated, and/or hypovolemic patients, and those rated ASA III/IV, may have more profound adverse 
cardiovascular responses. 
"Induction dose requirements may be reduced. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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For induction and maintenance 
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As part of a balanced anesthetic technique: 
DIPRIVAN is a cost-effective alternative to 
thiopental/isoflurane for induction and 
maintenance. 


E Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane 


E Significantly less nausea and vomiting than with 
thiopental/isoflurane 


m As convenient and as easily controlled as isoflurane 
for maintenance of anesthesia 


References: 1. Korttila K, Faure E, Apfelbaum J, Ekdawi M, Prunskis J, Roizen M. Recovery from propofol versus thiopental-isoflurane in 
patients undergoing outpatient anesthesia. Anesthesiology. 1988; -69(3A): A564. Abstract. 2. Wetchler BV. A comparative evaluation of 
recovery following anesthesia with Diprivan® (propofol) by intravenous infusion versus Diprivan® followed by isoflurane versus 
thiopental sodium followed by isoflurane for short surgical procedures, Data on file, Stuart Pharmaceuticals, Wilmington, Delaware. 

3. Sung YF, Reiss N, Tillette T. The differential cost of anesthesia and recovery with propofol- -nitrous oxide anesthesia versus thiopental- 
isoflurane- 'nitrous oxide. Anesth Analg. 1990;70:S396. Abstract. 4. Herregods L, Rolly G, Versichelen L, Rosseel MT. Propofol combined 
with nitrous oxide-oxygen for induction and maintenance of anaesthesia. Anaesthesia. 1987;42: 360-365. 5. Cockshott ID. Propofol 
(‘Diprivan’) pharmacokinetics and metabolism: an overview. Postgrad Med J. 1985;61(suppl 3): 45-50. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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The Osler Institute 
Anesthesiology Board Review Courses 


honoring John Severinghaus 
"March 30-April 4, 1992 — San Francisco 
July 4-9 and August 4-9 — Chicago “September 14-19 — Boston 


Now, special programs for written and oral boards 


OBJECTIVES 

© Improve basic and clinical knowledge of anesthesiology 

è Assist residents and fellows to better organize for further study 
® Prepare candidates to take their written and oral exams 


METHODS 

è HOME STUDY questions, answers, assignments and keywords 
è SEMINAR with projection slides and lecture-note syllabus 

® PRACTICE EXAMS for written and oral board exams 








"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 


not only from world-famous authorities, but from people who are relatively unknown as well.""* 


Written Board Review 


Lectures and written exam seminars 


PHYSIOLOGY SPECIALTY AREAS Anthony Ivankovitch, M.D. e Home-study keywords with discussions 
Respiratory Physiology Obstetric Anesthesia Rush Medical College and questions with answers. 
Cardiovascular Physiology Pediatric Anesthesia Niels Jensen, M.D. è Six-day lectures with syllabus. 
Neurophysiology Cardiac Anesthesia University of Iowa e Seminars for written exam questions. 
Hepatic & Renal Physiology Thoracic Anesthesia asap “ite payee e March 30-April 4; July 4-9; Sept. 14-19. 
Acid-Base and Blood Gas Neuroanesthesia ae FEAA MD. Oral Board Review 

PHARMACOLOGY seta ga spore m Univ. of Calif., San Francisco Mock oral exams and lectures 
Pharmacokinetics BAUE SI ARREN Eugene Lipov, M.D. e Home-study, oral-exam stem cases with 
Inhalation Anesthetics Rush Medical College pre-op, intra-op and post-op questions. 
Intravenous Anesthetics Solomon Aronson, M.D. David Lubarsky, M.D. è Six-day lectures with syllabus and con- 
Local Anesthetics University of Chicago Co-author of Board Stiff current mock oral exams most hours. 

Steve Barker, M.D., Ph.D. Terence Murphy, M.D. e Registration includes one mock oral 
(gisele aac Univ. of California, Irvine University of Washington ® ni bli k oral $80 i 
Central Nervous Drugs Jonathan Benumof, M.D. Robert Moynihan, M.D. vate Moek oral exam Si (980), pri 
Cardiac & Diuretic Drugs Univ. of California, San Diego Stanford University e March 30-April 4; July 4-9; Sept. 14-19. 
Interactions & Genetics T. A. Bowdle, M.D., Ph.D. Jeffrey Peters, M.D., Ph.D. Š 

PHYSICAL SCIENCES University of Washington University of Utah Oral Board Tutorial Days 

Applied Anatomy Stanley Brauer, M.D. Marie Ceste Prager, M.D. Choose any days — groups limited to 24 
; Loma Linda University Univ. of Calif., San Francisco eH -stud ]- ith 
Rhye eit CAA TAWE Janes Caldwell, MO, PED M Nabil Rashod, MD, Pa coos a E poston Guestions, 
Anesthesia Machines Univ. of Calif., San Francisco Baylor College of Medicine ° P ins pelin a Seni! ts baie pars 
RATES OREO Eugene Cheng, M.D. Michael Ritter, M.D. è Includes one PAIE oek oral per day. 

FUNDAMENTALS Medical College of Wisconsin St. John’s Mercy Hosp., St. Louis | e Extra public mock oral exams ($80), pri- 

Preop. Evaluation & Prep. Daniel Cole, M.D. David Rothenberg, M.D. vate mock oral exams ($110). 
Patient Monitoring Loma Linda University Rush Medical College e Apr. 1-7; July 4-9; Aug. 4-9; Sept. 14-22. 
Ai M t Edward Czinn, M.D. Ramez Salem, M.D. : 
F] a 4 Blood Therapy University of Illinois, Chicago University of Illinois, Chicago Two-Part Board Review 
Hernando DeSoto, M.D. R. Schultetus, M.D., Ph.D. Ni k orals i t 
Cardiopulmonary Disease Riverside Hosp., Jacksonville University of Arkansas r ne wont Spero “id he patie? 
Hepatic & Renal Disease Barbara Dodson, M.D. John Severinghaus, M.D. ee ee 
Metabolic Disease Univ. of Calif., San Francisco Univ. of Calif., San Francisco Ori Board Tutorial dav ree si nai. 
Recovery Room John Ellis, M.D. Daniel Siker, M.D. _ è Choose between aah at concurrent 

REGIONAL ANESTHESIA ay arg) RR a Wisconsin mock orals or written exam discussions. 
Autonomic Blocks Albert Einstein Med, College University of Uiah > POE OY DIOEN Seem ne ie a 
Spinal and Epidural Blocks Christopher Gallagher, M.D. Theodore Smith, M.D. SA Hee Aan; 

Upper Extremity Blocks Co-author of Board Stiff Loyola University of Chicago Unconditional Guarantee 
Lower Extremity Blocks Carl Hess, M.D. Alon Winnie, M.D. e If you fail the next Anesthesiology Board 


Chronic Pain Management 


P.O. Box 2218 


Mail today to: 


1094 East Dawn Drive, Dept. 203B 


Univ. of California, Irvine 


University of Illinois, Chicago 


Limited Enrollment: ANESTHESIOLOGY REVIEW COURSE REGISTRATION 


C July 4-9, 1992 — Chicago 


C] August 4-9, 1992 — Chicago 
[C] September 14-19, 1992 — Boston 


Exam you take after taking one of these 
courses, we will refund half of your last 
course registration fee and allow you to 
repeat the course once for FREE. 


Name e This is NOT conditional upon you taking 
more than one course, or extra mock orals. 
Address e Last year, after we first made this guaran- 
City/State tee, less than 2% requested a refund. 
Information 
Zip Paone [C Mar. 30-Apr. 4, 1992 — San Francisco 
The Osler Institute 


1094 East Dawn Drive, P.O. Box 2218 
Terre Haute, IN, 47802 


(800) 356-7537 


Plus mock orals only April 5-7 and Sept. 20-22. 
* Comments by past Osler participants 


C] Check enclosed for $ 
C] Please send FREE SAMPLE 


Terre Haute, IN 47802 


Classified Advertising 


POSTDOCTORAL FELLOWSHIP 
Background in clinical medicine or clinical 
research required for studies with patients 
with heart disease undergoing surgery. 
Cardiac function and ischemia assessed 
with ECG, Holter, and echocardiography 
monitoring. Working with cardiologists, 
epidemiologists, and anesthesiologists. Send 
CV and names of three references to Dennis 
T. Mangano, PhD, MD, Professor and Vice 
Chairman, Department of Anesthesia, Uni- 
versity of California, San Francisco, 4150 Cle- 
ment Street (129), San Francisco, CA 94121. 
674E/D 


OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal Op- 
portunity, Affirmative Action Employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

701G/F 


CARDIOVASCULAR FELLOWSHIP 
OPPORTUNITY 
The Department of Anesthesiology at the 
University of New Mexico School of Medi- 
cine has openings at the CA-4 level for 
advanced training in Cardiovascular Anes- 
thesiology beginning July 1992. The fellow- 
ship is a 2-year, sey teas ca program 
designed to train the fellow for a career in 
cardiovascular anesthesiology. Research in 
cardiovascular physiology and anesthesia, 
provision of clinical care for complex adult 
and pediatric cases, participation in confer- 
ences, and teaching responsibilities are part 
of the fellowship experience. Interested in- 
dividuals should contact Jorge Estrin, MD, 
PhD, Professor and Chairman, Department 
of Anesthesiology, University of New Mex- 
ico, 2211 Lomas Blvd. NE, Albuquerque, 
NM 87106; (505) 843-2610. The University 
of New Mexico is an Equal Opportunity, 
Affirmative Action Employer. 

730H/L 


THE UNIVERSITY OF NEW MEXICO 

Department of Anesthesiology has an im- 
mediate opening for a Veterans Adminis- 
tration Chief of Service for Anesthesia at 
the New Mexico Regional Medical Facility 
(VA Hospital) in Albuquerque. Require- 
ments include proven administrative, 
teaching, and leadership abilities, academic 
experience, and board certification. Ap- 


pointment will be at the Associate Profes- 
sor level. Qualified candidates should send 
CV or contact Jorge A. Estrin, MD, PhD, 
Professor and Chairman, Department of 
Anesthesiology, University of New Mexico 
School of Medicine, 2211 Lomas NE, Albu- 
querque, NM 87106; (505) 843-2610. The 
University of New Mexico is an Equal Op- 
portunity, Affirmative Action Employer. 

- PIHL 


THE UNIVERSITY OF NEW MEXICO 
Department of Anesthesiology has faculty 
positions beginning July 1992 for the fol- 
lowing: (1) Obstetrical Anesthesia at the 
Assistant, Associate, or Full Professor lev- 
els; (2) Critical Care Medicine at the Assis- 
tant or Associate Professor level. It is ex- 
pected that candidates for CCM positions 
will have or be eligible for subspecialty 
certification. Faculty responsibilities in- 
clude provision of clinical care, teaching, 
and research. Qualified candidates should 
send CV or contact Jorge A. Estrin, MD, 
PhD, Professor and Chairman, Department 
of Anesthesiology, University of New Mex- 
ico School of Medicine, 2211 Lomas NE, 
Albuquerque, NM 87106; (505) 843-2610. 
The University of New Mexico is an Equal 
Opportunity, Affirmative Action Em- 
ployer. 

732H/L 


THE UNIVERSITY OF NEW MEXICO 
Department of Anesthesiology has faculty 
positions at the Instructor, Assistant Pro- 
fessor, and Associate Professor levels be- 
ginning July 1992. Responsibilities include 
teaching of medical students and residents 
and the provision of clinical care in a busy 
tertiary referral .center. Opportunities to 
pursue research interest will be provided. 
Experience in cardiac, obstetric, neurosur- 
gical, and pediatric anesthesia is desirable. 
Qualified candidates should address in- 
quiries to Jorge A. Estrin, MD, PhD, Pro- 
fessor and Chairman, Department of Anes- 
thesiology, : University of New Mexico 
School of Medicine, 2211 Lomas NE, Albu- 
querque, NM 87106; (505) 843-2610. The 
University of New Mexico is an Equal Op- 
portunity, Affirmative Action Employer. 
733H/L 





DEPARTMENT OF ANESTHESIOLOGY 

St. Louis University School of Medicine is 
seeking board-qualified or certified full- 
time faculty, to fill newly created positions 
to meet the needs of the expanding resi- 


dency program and new expanding hospi- 
tal facility. Training and interests in the 
subspecialty areas of pediatrics, cardiovas- 
cular, pain, and neuroanesthesia are desir- 
able. These clinical/teacher positions will 
also promote academic interests and re- 
search development. Participation in the 
residency training program is essential. 
The university is committed to affirmative 
action. Inquiries should be directed to John 
F. Schweiss, MD, Chairman, Department 
of Anesthesiology, St. Louis University 
School of Medicine, 3635 Vista Avenue at 
Grand Boulevard, St. Louis, MO 63110- 
0250; telephone (314) 577-8750. 

772}/E 


PEDIATRIC ANESTHESIOLOGY FACULTY 

Section of Pediatric Anesthesiology at the 
University of Michigan Medical School is 
seeking an additional faculty member. The 
Section provides anesthesia for a surgical 
caseload of 6000 cases/year, 50% of which 
are outpatients. All pediatric surgical sub- 


CLASSIFIED ADS 


Anesthesia & Analgesia makes available classified 
advertising space for those interested in obtain- 
ing positions or wishing to announce meetings, 
fescue courses, or other pertinent events. 

e require that all advertisements be relevant to 
the practice of anesthesia and , and we 
reserve the right to refuse advertsements that 
are not relevant. 

Specifications. Ads should be written on 
letterhead stationery; the text should be double- 
spaced, with the title or key pon typed in 
capital letters. Enclose two PORE with 


each ad. Display Ha ia il is 
available through cheba org M 


440 Park Avenue South, 14th floor, New York, 
NY 10016, telephone: (212) 685-5010, FAX: (212) 
685-6126. 

Rates. Ads cost $1.50 per word per insertion, 


with a minimum of 20 words. Abbreviations, 
dates, initials, post office box numbers, tele- 
phone numbers, P and zip codes are con- 
sidered one word each. There is an additional 
fee of $18.00 per insertion for box number ads.* 

Payment. Full payment or institutional pur- 
chase order must accompany the copy for each 
ad. Ads received without a check or purchase 
order will be returned. (Make checks payable to 
Elsevier Science deia: Company, Inc.) 

Deadline. Co received 7 weeks 
before pabianan: date {Le., by January 1 for the 
March issue); multiple-insertion ads are wel- 
come. Ads may run u spacer eh at E 
chase order/payment. Piease spedfy in w 
issue(s} your advertisement is to appear. 

Send all ad copy, py fant and correspon- 
dence to: Anesthesia Classified — 
Desk Editorial, Elsevier edocs Publishin 
inc., 655 Avenue of the Americas, New ony 
NY 10010. 

“When responding to a box number ad, in- 
clude the box number on all correspondence. 
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specialties are represented, with an active 
pediatric cardiac surgery program of over 
500 cases/year. An expanding iatric 
pain ‘asad Ok saa rogram is currently being developed. 
idates should be BE/BC with a fellow- 
ship in pediatric anesthesiology. Appoint- 
ments can be from the Lecturer to the 
Professor level in either the clinical or aca- 
demic track, depending on qualifications 
and experience. Resources are available for 
faculty to participate in clinical and labora- 
tory research. Interested candidates should 
apply to Niall Wilton, MD, Chief, Section 
of Pediatric Anesthesiology, C-4139, Med 
Inn Bridge, Box 0800, University of Michi- 
gan Medical Center, Ann Arbor, MI 48109- 
0800 (FAX 313-936-9091). The University of 
Michigan is a nondiscriminatory, Affirma- 
tive Action/Equal Opportunity Employer. 
778} 


LOUISIANA STATE a MEDICAL 
CENTER—SHREVEPORT 
Faculty positions available for board certified/ 
eligible anesthesiologists. Duties include pa- 
tient care, resident and student teaching, 
supervision of CRNAs, research, and admin- 
istrative responsibilities. Faculty rank and 
salary commensurate with experience. 
Please send curriculum vitae and names of 
three references to D. Richard Davis, H, MD, 
Associate Professor and Chairman, Depart- 
ment of Anesthesiology, LSU Medical 
Center-Shreveport, 1501 Kings Highway, 
Shreveport, LA 71130-3932. We are an Equal 
Opportunity/Affirmative Action Employer. 
788K/D 


TWO PEDIATRIC ANESTHESIOLOGISTS 
Vi Coast—needed to join MD/CRNA 
staff of university-affiliated children’s hos- 
pital serving a diverse regional popu 
Fellowship or experience in pediatric anes- 
thesia and board certification or eligibility 
required. Full spectrum of surgery. Re- 
sponsibilities include clinical anesthesia 
and resident/CRNA education and supervi- 
sion. Superb location on southeastern Vir- 
ginia coast within easy access to beaches, 
mountains, and Washington, D.C. Salary 
commensurate with training and experi- 
ence, complemented by an excellent benefit 
package. For more information contact 
James Mayhew, MD, Pediatric Anesthesi- 
ology, Room 315, Children’s Hospital of 
The King’s Daughters, 800 West Olney 
Road, Norfolk, VA 23507. AA/EOE. 
821L/E 


PRIVATE PRACTICE OPPORTUNITY 
For fellowship-trained MDA interested and 
experienced in acute and chronic pain man- 
agement. Currently seeing greater than 600 
chronic pain patients per month in hospi- 
tal-based practice. Send CV and three ref- 
erences to Diana Bird, c/o Medaphis, 3212 
West End Avenue, Suite 500, Nashville, TN 
37203. 

837A/F 


The Department of Anesthesiology at 
Duke University Medical Center is seek- 
ing qualified full-time faculty for positions 
in the following categories: CHIEF, VA 
ANESTHESIOLOGY SERVICE—We are 
seeking an academic faculty candidate to 
direct a busy, well-established division of 
the Department and to enhance our grow- 
ing clinical, teaching, and research pro- 
grams at the Durham VA Medical Center. 
This 450-bed university-affiliated VA per- 
forms 3300 surgical procedures per year, 
including 175 cardiac cases, with statewide 
VA referral of brain tumor surgery, hip and 
knee replacement, and renal transplanta- 
tion. The Anesthesiology Service provides 
care in nine operating rooms, a nine-bed 
PACU, eight-bed SICU, and-a large Pain 
Clinic. CRITICAL CARE MEDICINE—We 
are seeking individuals who are ABA certi- 
fied or board eligible in critical care medi- 
cine, for the position of Co-Director, SICU 
at the Durham VA Medical Center (where a 
new ICU tower is under construction) 
and/or as critical care faculty in the SICU at 
Duke University Medical Center. Faculty 
will play an essential role in the coordina- 
tion of care in a multidisciplinary consult- 
ing service and in the development of an 
interdisciplinary Critical Care Fellowship 
program. NEUROANESTHESIA—We are 
seeking an academic faculty candidate 
trained in neurosurgical anesthesia to join a 
developing neuroanesthesia section. This 
opportunity requires a candidate with a 
primary interest in investigative research 
and teaching. A new spacious neuroscience 
facility at Duke fosters interdi$ciplinary re- 
lationships with neuropharmacology, neu- 
roradiology, neurobiology, and neurology. 
The neuroscience program at Duke Univer- 
sity is one of the five develo oping centers of 
excellence at this nationally prominent 
University. PEDIATRIC ANESTHESIOLO- 
GISTINTENSIVIST—Applicants for this 
position should have formal training be- 
yond the 3-year continuum in the subspe- 
cialties of pediatric anesthesia and/or criti- 
cal care or have recognized skills in lieu of 
normal fellowship training. VASCULAR 
THORACIC AND REGIONAL ANESTHE- 
slA—Applicants for this position should 
have formal training beyond the 3-year 
continuum. We are seeking individuals 
with a primary interest in a teaching pro- 
gram, established clinical research inter- 
ests, and experience in vascular thoracic 
anesthesia. Applicants for this position 
should be experienced in setting up a re- 
gional anesthesia block program for Resi- 
dents in Training. Faculty candidates for all 
of the above positions must have a strong 
desire to conduct clinical résearch and 
teaching, in addition to clinical expertise. 
Academic titles and compensation for these 
positions will be commensurate with expe- 
rience and credentials in education, clinical 
service, and research. Candidates must be 
board certified or equivalent and eligible for 
an unrestricted North Carolina medical li- 
cense, Send letter of application and curric- 
ulum vitae to J]. G. Reves, MD, Box 3094, 
Duke University Medical Center, Durham, 
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NC 27710. Duke University is an EO/AA 
Employer. 
845B/D 


CALIFORNIA REDWOODS 

Half-time position on Coast 4 hours north 
of San Francisco. Beautiful scenery, mild 
climate, great fishing, relaxed lifestyle, 
family-oriented community. Small hospi- 
tal, agreeable medical staff. Ideal for the 
physician who wishes a steady income 
while enjoying blocks of free time to pursue 
other interests. For details, contact J. Rus- 
sell, MD, P.O. Box 608, Fortuna, CA 95540, 
or call (707) 725-2833, (707) 725-3361. 


TENNESSEE 

Expanding department requires additional 
anesthesiologists. Full-time positions avail- 
able at levels of Instructor to Associate 
Professor with emphasis on teaching, 
patient care, and clinical research. Pre- 
requisites: (1) Meet Tennessee license 
requirements. (2) ABA diplomat or eligible 
for ABA examination. All subspecialties 
needed. Excellent opportunity for anesthe- 
siologists who want an ideal mix of private 
practice with teaching and clinical research. 
Send curriculum vitae, bibliography, and 
the names and addresses of three refer- 
ences to Roger 5. Cicala, MD, Department 
of Anesthesiology, University of Tennes- 
see, Memphis, 800 Madison Avenue, Mem- 
phis, TN 38163. The University of Tennes- 


see is an Equal Opportunity Employer/ 
Affirmative Action Register/Title ction 
504 Employer. 

853B/D 
ANESTHESIOLOGISTS 


Temple University School of Medicine has 
full-time faculty positions available for 
board-eligible anesthesiologists with train- 
ing in a subspecialty area (cardiac anesthe- 
sia, critical care, and/or pain). Faculty rank 
will be commensurate with experience. Du- 
ties include patient care, teaching, and re- 
search. Send curriculum vitae to Christer 
Carlsson, MD, PhD, Chairman, Depart- 
ment of Anesthesiology, Temple Univer- 
sity School of Medicine, Broad and Ontario 
Streets, Philadelphia, PA 19140. An Equal 
Opportunity/Affirmative Action Employer. 

856CD 


ANESTHESIOLOGIST 

Department of Anesthesiology at the 
SUNY Health Science Center in Syracuse, 
N.Y. is recruiting faculty at the instructor, 
assistant, and associate professor levels. 
Qualified individuals with a strong aca- 
demic commitment in all types of anesthe- 
sia, critical care, and management are 
sought. SUNY Health Science Center is a 
tertiary-care center and provides clinical 
services also to the Syracuse Veterans Ad- 
ministration Hospital. Rank and salary are 
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commensurate with experience. Must be 
board certified or board eligible and pos- 
‘sessa New York State medical license. 
Please send letter, curriculum vitae, and 
names, addresses, and phone numbers of 
three references to Enrico M. Camporesi, 
MD, Professor and Chairman, Department 
- of Anesthesiology, SUNY Health Science 
- Center, Syracuse, NY 13210. The State Uni- 
_ versity of New York Health Science Center 
is an Equal Opportunity/AA Employer. 

l 858 


UCSF PEDIATRIC ANESTHESIOLOGY 
FELLOWSHIP 
The Departments of Anesthesiology at the 
University of California, San Francisco and 
Children’s Hospital of Northern California, 
. Oakland, California, are jointly offering 
two l-year clinical fellowship positions 
(CA-4) in pediatric anesthesiology begin- 

Ne in July 1992. The fellowship will in- 
clude extensive operating room experience 
in all pediatric subspecialties in both insti- 
tutions and critical care medicine exposure 
for neonates, older infants, and children. 
The fellows will spend 6 months in each 
institution. Send inquiries to Mark Rosen, 
MD, Director, Anesthesia Training Pro- 
grams, c/o Dolores Scholz, Department of 
Anesthesia, 5-455, University of California, 
San Francisco, San Francisco, CA 94143- 
0464. 

861CD 


CARDIAC ANESTHESIOLOGY FELLOWSHIP 
CA-3 and CA-~4 fellowship positions avail- 
able starting July 1992. Full spectrum adult 
cardiac surgery. Opportunity for extensive 
training in invasive monitoring and trans- 
esophageal echocardiography. Research 
opportunities in cardiac pharmacology, 
physiology, and TEE. Please contact 
Z. Hillel, MD, PhD, Director, Cardiac An- 
esthesia, St. Luke’s/Roosevelt Hospital, 
Amsterdam Avenue at 114th Street, New 
York, NY 10025. 

863C/E 


RESIDENCY IN ANESTHESIOLOGY 
The Department of Anesthesiology and 
' Critical Care Medicine at the University of 
New Mexico School of Medicine is expand- 
ing its residency program. Qualified appli- 
cants for the CA-1 to CA-3 levels. starting 
July 1992 are invited to write to Director of 
Education, Department of Anesthesiology, 
UNM School of Medicine, Albuquerque, 
NM _ 87131-5216. The University of New 
Mexico is an Equal Opportunity Employer. 
864C/F 


UCLA—DEPARTMENT OF 
ANESTHESIOLOGY _ 

LIVER TRANSPLANT FELLOWSHIP—De- 
partment of Anesthesiology, UCLA School 
of Medicine, active lant service (200 
transplants/year). Clinical and/or bench re- 


search depending on applicant’s qualifica- 
tions. Address inquiries to Marie Csete 
Prager, MD, UCLA Department of Anes- 
thesiology, 10833 Le Conte Avenue, Los 
Angeles, CA 900241778. Equal Employ- 
ment Opportunity (M/F) Employer. 

865 


ACTIVE PAIN MANAGEMENT CLINIC 
PRACTICE . 
Anesthesiologist director. Located Central 
California Coast. Fully equipped including 
cryoanalgesia, cardioscope, pulse oximeter, 
defibrillator, and ofice business machines. 
Three hospitals in area. Will introduce. Call 
(408) 625-2386. 

866CD 


FELLOWSHIP—OBSTETRIC ANESTHESIA 
Applications ‘are being accepted for a 12- 
month academic fellowship (CA-4), start- 
ing on or about July 1992. Clinical training 
on dedicated service with 5000 obstetric 
deliveries, many in the “high risk” cate- 
gory. Clinical and animal research training 
included. Equa! Cpportunity Employer. 
Send CV to M. Finster, MD, Department of 
Anesthesiology, | Columbia-Presbyterian 
Medical Center, 622 West 168th Street, 
New York, NY 10022. 

870CD 


MARYLAND - 
A well-respected, 4-MDA, 9-CRNA group 
seeks an experienced anesthesiologist to 
join them in ‘practice. Affiliate with a pro- 
gressive 200-bed regional referral center 
known for its comprehensive medical serv- 
ices, with the exception of open heart sur- 
gery. With a 35% increase in caseload over 
the last 2 years and continued increases 
expected, an incoming physician can ex- 
pect rapid start-up ume with a diversified 
caseload. Salary, benefits, and bonuses di- 
vided equally from day one. Partnership 
and pension after 12 months. Located in 
scenic Allegany mountains of western 
Maryland with easy access to the tremen- 
dous amenities offered by the Baltimore, 
Washington, and Pittsburgh areas. A 
sportsman’s paradise, this area offers ski- 
ing, white water rafting, numerous state 
parks and large lakes, a nearby state uni- 
versity, superb housing values, and calm- 
ing lifestyle. Contact Janice Schultz or Mary 
Wynkoop, Tyler and Company, 9040 
Roswell Road, Suite 550, Atlanta, GA 
30350. FAX CV to (404) 641-6414, or call 
(800) 333-3910 or (404) 641-6410. 

871CD 


The Department of Anesthesiology at the 
University of Texas Medical School in 
Houston is recruiting faculty at assistant 
professor, associate professor, and profes- 
sor levels. Applicants must be board certi- 
fied or board eligible and able to obtain a 
Texas medical license. The faculty positions 
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include responsibilities for teaching, super- 
vising and providing patient care, and par- 
ticipation in clinical or laboratory research 
and administrative functions of the depart- 
ment. The department has significant and 
expanding responsibilities in the areas of 
pain management, obstetrical anesthesia, 
neuroanesthesia, cardiac and vascular an- 
esthesia, and hyperbaric medicine. Inter- 
ested individuals should send a copy of 
curriculum vitae and names, addresses, 
phone numbers, and permission to contact 
three reference sources. Information 
should be sent to Alan S. Tonnesen, MD, 
Acting Chairman, Department of Anesthe- 
siology, University of Texas Medical 
School, 6431 Fannin, Houston, TX 77030. 
The University of Texas is an equal oppor- 
tunity employer. Women and minorities 
are encouraged to apply. 

873C/H 


PEDIATRIC ANESTHESIOLOGIST 
Children’s Hospital of Michigan’s current 
group of nine full-time staff are working 
with a growing teaching and case load, 
indicating the need for an additional two 
staff members (one with Pediatric Critical 
Care interest). Call (313) 745-5535 or send 
CV to Department of Anesthesiology, Chil- 
dren’s Hospital of Michigan, 3901 Beau- 
bien, Detroit, MI 48201. 
; 843BDEF 


DIRECTOR OB ANESTHESIA 

Board certified, 1-year OB fellowship, sev- 

eral years practice with administrative 

experience. Call (301) 365-7580. Write Di- 

rector of Anesthesia, Columbia Hospital, 

2425 L Street NW, Washington, DC 20037. 
874DE 


YALE UNIVERSITY SCHOOL OF MEDICINE: 
DEPARTMENT OF ANESTHESIOLOGY 
From time to time, faculty positions are 
available for both clinical anesthesiologists 
and research staff. These appointments are 
for immediate and future placement. Please 
respond prior to May 31, 1992 by sending 
your CV to Paul G. Barash, MD, Chairman, 
Department of Anesthesiology, Yale Uni- 
versity School of Medicine, PO Box 3333, 
New Haven, CT 06510. Yale is an Affirma- 
tive Action Employer and provides equal 
opportunities for employment to all appli- 
cants. l 

875D 


PAIN FELLOWSHIP, HOUSTON, TEXAS 

The Pain and Symptom Management Sec- 
tion of the Department of Neuro-Oncology, 
University of Texas M.D. Anderson Cancer 
Center, offers 1- or 2-year pain fellowships. 
Emphasis is on the multidisciplinary ap- 
proach to acute and chronic cancer pain 
management. Extensive clinical] exposure 
in both inpatient and outpatient care is 
combined with opportunity for clinical and 
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basic science research. A joint position with 
the Hospice at the Texas Medical Center is 
available for comprehensive training in pal- 
liative care of the terminally ill. Applicant 
should be eligible for Texas medical licen- 
sure. Direct inquiries to: S. M. Weinstein, 
MD, Department of Neuro-Oncology, Pain 
and Symptom Management Section, M.D. 
Anderson Cancer Center, 1515 Holcombe 
Boulevard, Box 8, Houston, TX 77030; (713) 
792-2824. 

876D/F 


STAFF ANESTHESIOLOGISTS 
Staff anesthesiologists, preferably at the 
level of assistant professor. Openings ex- 
pected on or about June 1992. Prerequisites 
are a 3-year residency and preferably fel- 
lowship in pain management or pediatric 
anesthesia or critical care medicine; board 
certification or eligibility; Massachusetts li- 
cense or aa gene Teaching interest is ex- 
pected and research interest preferred. 
Competitive stipend and excellent compre- 
hensive fringe benefits. University of Mas- 
sachusetts Medical Center is an Equal 
Opportunity Employer. Send CV and bib- 
liography to Gordon M. Chapman, MD, 
Chair ad Interim, University of Massachu- 
setts Medical Center, 55 Lake Avenue 
North, Worcester, MA 01655. Tel: (508) 
856-3266. FAX: (508) 856-5911. 

877D 


ANESTHESIOLOGIST 
The Salt Lake City, Utah, VA Medical Cen- 
ter is recruiting for a staff anesthesiologist. 
Will consider full-time or part-time appli- 
cants. Our acute care facility lies in the 
heart of the Salt Lake Valley and is within 
minutes of numerous outdoor activities. 
The Medical Center is affiliated with the 
University of Utah School of Medicine. 
Position offers an ideal mixture of clinical 
practice and teaching. Attractive special 
pay compensation available. Send CV to 
Hiroshi Kamaya, MD, Chief, Anesthesia 
Service (112A), VA Medical Center, 500 
Foothill Boulevard, Salt Lake City, UT 
84148 or call (801) 582-1565, Ext. 1607. 
878DE 


INDIANA 

A faculty position is available at the assis- 
tant or associate professor level, clinical or 
tenure track, in the adult section of the 
Department of Anesthesia, Indiana Univer- 
sity School of Medicine. Candidates must 
be board certified or board eligible with 
special qualification in Anesthesiology Crit- 
ical Care Medicine. Individuals appointed 
to the tenure track will be required to 
maintain an active and ongoing research 
program. Please send curriculum vitae to 
Robert K. Stoelting, Professor and Chair- 
man, Department of Anesthesia, Indiana 
University School of Medicine, 1120 South 
Drive, Fesler Hall 204, Indianapolis, IN 


46202-5115. Indiana University is an Equal 


Opportunity Employer. 
879D 


INDIANA 
A position is available for a pediatric anes- 
thesiologist at the assistant or associate 
professor level, clinical or tenure track, in 
the Department of Anesthesia, Indiana 
University School of Medicine. Candidates 
must have experience in pediatric anesthe- 
sia and be in the examination system or 
board certified. Individual appointed to the 
tenure track will be required to maintain an 
active and ongoing research program. 
Please send curriculum vitae to Robert K. 
Stoelting, Professor and Chairman, Depart- 
ment of Anesthesia, Indiana University 
School of Medicine, 1120 South Drive, Fes- 
ler Hall 204, Indianapolis, IN 46202-5115. 
Indiana University is an Equal Opportunity 
Employer. 

880D 


THE DEPARTMENT OF ANESTHESIOLOGY, 
MEDICAL COLLEGE OF PENNSYLVANIA 
invites applications for board-certified or 
board-eligible faculty at the instructor, as- 
sistant professor, and associate professor 
levels. A full range of anesthesia patient 
care services are provided by our faculty at 
the Hospital of MCP, Friends Hospital, and 
The Pennsylvania Eye Surgery Institute. 
Located in Philadelphia, MCP includes a 
medical school, graduate school, and 450- 
bed teaching hospital. MCP is a member of 
the Allegheny Health Education and Re- 
search Foundation. Interested individuals 
are encouraged to contact Alan Jay 
Schwartz, MD, MS Ed, Professor and 
Chairman, Department of Anesthesiology, 
Medical College of Pennsylvania, 3300 
Henry Avenue, Philadelphia, PA 19129. 
Phone (215) 842-6798, FAX (215) 843-3996. 
MCP is an Equal Opportunity Employer. 
881D/F 


MICHIGAN 
Anesthesiologist BC/BE needed immedi- 
ately for incorporated group of six MD 
anesthesiologists in 581-bed medical cen- 
ter. All types of anesthesia including OH. 
Excellent financial package first year lead- 
ing to partnership. Send CV to Anesthesi- 
ology Associates of SE Michigan MD, PC, 
1011 Patrick Street #19, Flint, MI 48503. 
883D/F 


ANESTHESIOLOGIST DESIRED— 

COSTAL NJ 

Immediate opening for BC or BE MD/DO to 
join an expanding group practice of 10 
MDAs and 9 CRNAs covering a 500-bed 
regional medical center composed of two 
hospitals performing over 9000 anesthetics. 
All types of anesthesia except OH. Great 
opportunity for energetic well-trained indi- 
vidual. Unlimited opportunity and out- 


standing lifestyle in a family-orientéd s sea- 
shore community. Very compétitive 
financial package. Please reply with CV to. 
S. Hernberg, DO, Chairman, De ent 
of Anesthesiology, 1925. Pacific Avenue, 
Atlantic City, NJ 08401. À 


884DẸ, 


UC SAN DIEGO: ANESTHESIOLOGY 
FELLOWSHIP IN PAIN MANAGEMENT i 
The Pain Service in the Department of 
Anesthesiology at the University of Califor- 
nia San Diego is seeking a board-eligible/ 
board-certified anesthesiologist for a pain 
fellowship. 

This is a 1- or 2-year position that offers 
training in pain evaluation, treatment, and 
clinical and laboratory research. We seek a 
highly. motivated anesthesiologist to partic- 
ipate in a comprehensive pain evaluation, 
including pharmacologic management, 
psychologic aspects, neural blockade, and 
other interventional treatment of acute, 
chronic, and cancer pain. Applicant must 
possess strong interest in regional anesthe- 
sia and desire one-on-one patient contact. 
Laboratory research opportunities directed 
at the mechanisms of opiate action and 
local anesthetics, and the molecular phar- 
macology of opiate receptors, are available. 
AA/EOE. 

Applicants must be eligible for California 
medical licensure and should send CV and 
three (3) letters of recommendation to: 
Harvey M. Shapiro, MD, Professor and 
Chairman, Department of Anesthesiology, 
8812, UCSD Medical Center, San Di 
CA 92103-8812. (619) 543-3162. 

885D/F 


PORTLAND, OREGON 

Opportunity: Suburban hospital seeks 
board-certified or board-eligible anesthesi- 
ologist. No OH, Neuro, rare OB. Hospital 
is part of the Sisters of Providence; a large, 
West Coast health care corporation, and is 
located 15 minutes from downtown Port- 
land, Oregon. Excellent opportunity for 
one or two additional anesthesiologists, 
2400+ cases annually. Send letter of appli- 
cation and resume to Jonathan Blatt, MD, 
Department of Anesthesiology, Providence 
Milwaukie Hospital, 10150 SE 32nd Ave- 
nue, Milwaukie, OR 97222. 


> 


à 
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ILLINOIS: ANESTHESIOLOGIST 
To join congenial group of MDs/CRNAs 
expanding to provide anesthesia coverage 
for only hospital in city since recent 
merger. No open heart or neurosurgery. 
Environment conducive to family living, 
variety of schools, recreation. Good oppor- 
tunity with stable future. City located in 
east central Illinois with population of ap- 
proximately 40,000 (35-mile radius service 
area with 126,126 population). Within driv- 
ing distance of Chicago and Indianapolis. 
Please send CV to Box 887D/L. l 
887D/L 
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EASTERN PENNSYLVANIA 
Hospital needs two board-certified/board- 
eligible anesthesiologists to join a fee-for- 
service group in a 225-bed progressive hos- 
pital. Applicants must be a PGIV 
preferrably with pain management, resi- 
dency rotation. Reply to Box 888D/1. 
888D/1. 


PAIN MANAGEMENT TRAINING—ACUTE 
AND CHRONIC—CA-3 AND FELLOWSHIP 
POSITIONS 
University of Cincinnati Anesthesia De- 
partment and the Pain Control] Center are 
seeking BATER for Fellowship (pre- 
ferred) and CA-3 positions in acute and 
chronic pain management, including can- 
cer pain and pediatric pain management. 
Chronic benign pain is managed in an 
interdisciplinary fashion, run by anesthesi- 
ologists; program includes inpatient, inten- 
sive outpatient, and standard outpatient 
programs. The Acute Pain Service is ag- 
gressive and well accepted, employing all 
modalities in the management of postoper- 
ative and ICU/trauma patients. Opportuni- 
ties are available for clinical research. Direct 
inquiries to Donna Benesch, Department of 
Anesthesia, University of Cincinnati Medi- 
cal Center, 231 Bethesda Avenue, ML 531, 
Cincinnati, OH 45267-0531. (513) 558-6356 
Phone; (513) 558-0995 Fax. 

889D 


QUEENS, N.Y. 

Anesthesiology group seeking BC/BE part- 
time employee for busy OR at university- 
affiliated 500-bed hospital. Anesthesia pro- 
vided for all types si surgery except open 
heart; minimal OB. No night or weekend 
call, liberal vacation, malpractice paid. Sal- 
ary negotiable. Please send CV to Box 
890D/F. 


890D/F 


BAYLOR COLLEGE OF MEDICINE, 
HOUSTON, TEXAS 

The Department of Anesthesiology is invit- 
ing applications and nominations for fac- 
ulty positions at assistant professor and 
associate professor levels. Fellowship posi- 


tions are also available in cardiovascular, 
obstetrical, and pediatric anesthesia. These 
positions offer excellent opportunities to 
develop an academic career in a depart- 
ment with excellent clinica] and research 
resources and facilities. We are interested 
in qualified candidates in general anesthe- 
sia, and some positions require cardiovas- 
cular or pediatric anesthesia . subspecialty 
training and experience. Qualified candi- 
dates should send CV to William F. 
Childres, MD, Chairman, Department of 
Anesthesiology, Baylor College of Medi- 
cine, 6550 Fannin, Suite 1003, Houston, TX 
77030. Baylor College of Medicine is an 
Affirmative Action/Equal Opportunity Em- 
ployer. 

891D/F 


BC/BE anesthesiologist for a 500-bed ter- 
tiary hospital in a Florida coastal city. Im- 
mediate opening. Liberal salary and early 
partnership. Send resume to Box 892D/F. 
892D/F 


UPSTATE NEW YORK 
Hudson River Valley—Columbia-Greene 
Medical Center is recruiting four fee-for- 
sevice anesthesiologists including a chief. 
Financial guarantee. C-GMC is located 80 
miles north of NYC and 30 miles south of 
Albany. No neuro, open heart, or sick 
neonates. Staff and administration are sup- 
portive. Clear opportunity for growth. Of- 
fice support available. Send CV and date of 
availability to Susan Bane, MD, Medical 
Director, C-GMC, 71 Prospect Avenue, 
Hudson, NY 12534. 
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DON'T PROCRASTINATE. 
Prepare early for the [TE/written boards. 
Unique study program with practice ques- 
tions and answers with explanations, 
guessing techniques, Keywords 1991, and 
much more. Call the original MEDTEXT: 
1-800-695-6301; 24 hours. MC/V accepted. 
757UG 
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TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS 
The unique feature of these programs is the 
maximum class size of four students. Prep- 
aration for the written and oral exams are 
given separately in 3-day blocks in San 
Francisco and New York. FOR THE WRIT- 
TENS, techniques are taught for dealing 
with the multiple-choice questions. The ba- 
sic sciences are stressed. FOR THE ORALS, 
the guided case discussions are stressed. 
Home study programs are provided. CALL 
(415) 321-1117. 

763VH 


Dial 1-800/RENT-A-DOC 
For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
needs. Or work locum tenens with us for a 
change in both your practice and your 
lifestyle. ReplaceMed * 1-800/736-8236 * PO 
Box 640 * Michigan City, IN 46360. 
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J. STEPHENS MAYHUGH AND 
ASSOCIATES, INC. LOCUM TENENS 
ANESTHESIA SERVICES 
Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure quality in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 
tion are supplied to you. Call 1-800-426- 
2349 any time. 
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A WEEKEND OF MOCK ORAL EXAMS 
Mock orals, not lectures. We are the origi- 
nal course in this format. 20 hours category 
I CME credit, two board-certified instruc- 
tors, 12 students maximum. Courses in 
Tampa and Detroit this summer. Call for 
dates. ANESTHESIA EXAM REVIEW, 7128 
Regents Park, Toledo, OH 43617. (419) 843- 
4480 or (813) 394-8780. 
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A Guide for Authors 


Manuscripts should be sent to: 


King C. Kryger, PhD 

Managing Editor 

Anesthesia & Analgesia 

3497 Sacramento Street 

San Francisco, CA 94118 

_ Anesthesia & Analgesia, the oldest publication for the specialty of anesthe- 

siology, is the official voice of the International Anesthesia Research 

Society. It publishes original articles, case reports, technical communica- 

tions, review articles, special articles, medical intelligence articles, edito- 

rials, book reviews, and letters to the editor. Original articles will, when 
possible, be assigned to one of the subspecialty sections (Ambulatory 

Anesthesia, Cardiovascular, Anesthesia, Critical Care, Neurosurgical 

Anesthesia, Obstetric Anesthesia, Pediatric Anesthesia, and Regional 

Anesthesia and Pain Management). All papers are reviewed by three or 

more referees. Acceptance is based on significance, originality, and 

validity of the material presented. Only one copy of an article not accepted 
for publication will be returned to the author. 

The submitted manuscript should be accompanied by a cover letter that 
inciudes a statement to the editor about all submissions and previous 
reports that might be regarded as prior or duplicate publication of the 
game, or very Similar work. The title page and abstract of such material 
should be included with the submitted manuscript to help the editor 
decide how to deal with the matter. Manuscripts must be prepared and 
submitted in the manner described in “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals,” reprinted in The New England 
Journal of Medicine 1991;324:424-8. 

No manuscripts describing investigations carried out in humans will 
be accepted for publication unless the text states that the study was 
approved by the authors’ institutional human investigation committee 
and that written informed consent was obtained from all subjects or, in 
the case of minors, from parents. No manuscript describing investiga- 
tions in animals will be accepted for publication unless the text states 
that the study was approved by the authors’ institutional animal inves- 
tigation committee. Human subjects should not be identifiable. Do not 
use patients’ names, initials, or hospital numbers. 

Authors and their typists should use the checklist given below for 
preparation of manuscripts: 

General 

O Original articles, in 3000 words or less, describe clinical or laboratory 
investigations. 

L] Case reports, in 1000 words or less, describe either new and instructive 
cases, anesthetic techniques and equipment of demonstrable original- 
ity, usefulness, and safety, or new information on diseases of impor- 
tance to anesthesia. 

C Technical communications describe instrumentation and analytic tech- 
niques. 

CI Review articles, of 2500 to 4000 words, collate, describe, and evaluate 
previously published material to aid in evaluating new concepts. 

O Medical intelligence articles, of 1500 to 4000 words, usually collate, 
describe, and evaluate previously published material to aid in evaluat- 
ing new concepts or updating old concepts or topics germane to 
anesthesiology. 

O Special articles, of 2500 to 4000 words, describe literature, education, 
societies, and other topical interests of a historical or current trend in 
anesthesiology. 

O Editorials (solicited by the Editorial Board), in 2000 words or less, 
comment on articles published in the journal and/or express the general 
policies or opinions of the Editor-in-Chief. 

CI Book reviews, in 1000 words or less, report on current literature 
available in anesthesiology. 

C] Letters to the editor, of 300 words or less, indlude brief constructive 
comments concerning previously published articles or brief notations of 
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general interest. The manuscripts must be double-spaced, and a title 
and three copies must be provided. 

C Type manuscripts on white bond paper, 216 by 279 mm (8% by 11 in.) 
or ISO A4 (212 by 297 mm) with margins of at least 25 mm (1 in.) using 
double- or triple-spacing (to allow room for editing) throughout, inctud- 
ing references and table and figure legends. 

C Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, should be on a separate 
page), and legends. Type only on one side of the paper and number 
pages consecutively, beginning with the title page. Type the page 
number in the upper right-hand corner of each page. 

© Submit one original plus three copies of the manuscript and four sets of 
figures in a heavy paper envelope. Submitted manuscripts should be 
accompanied by a cover letter and by letters granting permission to 
reproduce previously published materials or to use illustrations that 
may. identify subjects. 

C Authors should keep copies of everything submitted and all correspon- 
dence from the editorial office and its board members. 


Title Page 

C The title page should contain the title of the article, which should be 
concise but informative; 

Cl A short running head of no more than 40 characters (count letters and 
spaces) placed at the bottom of the title page and identified; 


C First name, middle initial, and last name of each author, with highest 
academic degree(s) including fellowship and board affiliations; each 
listed author must (a) have participated in the work to the extent that he 
or she could publicly defend its contents; (b) have read the manuscript 
before its submission for publication; and (c) be prepared to sign a 
statement to the effect that he or she has read the manuscript and 
agrees with its publication. Additional names of author(s) may not be 
appended after sending revised manuscript to the journal without 
written consent from the senior author and approval on a case-by-case 
basis from the Editor-in-Chief, 

Ci Name of department(s) and institution(s) to which the work should be 
attributed; 

(] Disclaimers, if applicable; 


C] Name, address, telephone number, and FAX number of author respon- 
sible for correspondence about the manuscript; 


[£ Name and address of author to whom requests for reprints should be 
addressed, or a statement that reprints will not be available from the 
author; 


C The source(s) of support in the form of grants. 


Abstract and Key Words 
C The second page should carry an abstract of not more than 150 words. 
(Abstracts are needed only for original articles.) 


C] The abstract should state the purposes of the study or investigation, 
basic procedures (study subjects or experimental animals; observational 
and analytic methods), main findings (give specific data and their 
statistical significance, if possible), and the principal conclusions. Em- 
phasize new and important aspects of the study or observations. 


C Define all abbreviations except those approved by the International | 
System of Units. 

C Key (indexing) words. Below the abstract, provide (and identify as 
such) 3 to 10 key words or short phrases that will assist indexers in cross 
indexing the article. 

Text 

O The text of REENE experimental, and original articles is usual- 


ly—but not necessarily—divided into sections with the following head- 
ings: Introduction, Methods, Results, and Discussion. —. 


O Introduction: Clearly state the purpose of the article: Summarize the 
rationale for the study or observation. Give only strictly pertinent 
references and do not review the subject extensively. ' 

O Methods: Describe the:selection of observational or experimental sub- 
jects (patients ‘or experimental animals, including controls) clearly. 
Identify the methods, apparatus (manufacturer's name and address in 
parentheses), and procedures in sufficient detail to allow other workers 

- to reproduce the results. Give- references to established methods, 

, including statistical methods; provide references and brief descriptions 
for methods that have been published but are not well known; describe 
new or substantially modified methods, give reasons for using them, 
‘and evaluate their limitations. 

O Identify precisely all drugs and chemicals used, including generic 
name(s), dgsage(s), and route(s) of administration. In the body of the 
text, cite the drug or chemical name followed’ by the generic name in 
parentheses and refer to the drug NEONGO the i 3 its generic 
name: 


- ‘Cl Results: Present the results in logical sequence in the me tables, and 


illustrations. Do not repeat in the text all the data in the tables and/or 
illustrations; emphasize or summarize only important observations. 


O Discussion: Emphasize the new and important aspects of the study and. 


condusions that follow from them. Do not repeat in detail data given in 
the Results section. Include in the Discussion the implications of the 
findings and their limitations ‘and relate the observations to other 
relevant studies, Link the conclusions with goals of the study but avoid 


unqualified statements and conclusions not completely supported by 


the data. 

O Units of measurement: Measurements of distance/length and weight must 
be expressed in metric units only. Clinical laboratory and hematologic 
data must be expressed in SI units with, if desired, present conven- 
tional metric units in ees 


References 

"All references must be available to all readers. Cite only references to 

books and articles or abstracts published in peer-reviewed Index 

Medicus journals. Abstracts appearing only in programs of meetings are 

not acceptable, nor are abstracts more than five years old. l 

_O Number references consecutively in the order in which they are first 
mentioned in the text. 


~ O Identify references in text, tables, and ed by arabic numerals (in 
parentheses, on line) 


O Use the style of the examples below, which are based on the format 
used by the US National Library of Medicine in Index Medicus. 


O The titles of journals must be abbreviated ones to the style used in 


Index Medicus. 


O References must be yërified by the author(s) against the original 
documents, and the entire list must be checked for nonduplication. 


Examples: 
1. Standard journal articles (List all the authors when six or less; when 
seven or more, list only the first three and add et al.) 
Rigler ML, Drasner K, Krejcie TC, et al. Cauda equina syndrome 
after continuous spinal anesthesia. Anesth Analg 1991; 72:275-81. 
2. Personal author(s) of books and monographs 
Eisen HN. Immunology: an introduction to molecular and cellular 
principles of the immune response. 5th ed. New York: Harper and 
Row, 1974. 
Chapter in a book 
Weinstein L, Swartz NM. Pathogenic properties of invading micro- 
organisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic 
physiology: mechanisms of disease. Philadelphia: WB Saunders, 
/ j 1974:457-72. 
, es 
ype each table double spaced on a separate sheet. Do not:submit 
bles: as photographs. 


umber tables consecutively and supply a brief title for each. Give each 
lumn a paan or aperevigted oe 


` O Place explanatory matter in footnotes, not in the heading. Explain in 


footnotes all abbreviations that are used in each table. For footnotes, use 
lower-case italicized letters in alphabetical order. 

O Do not use internal horizontal or vertical rules. 

O Cite each table in the text in consecutive order. 


O If data are used from another published (or unpublished) source, 
submit written permission from both author and publisher and ac- 
knowledge fully. 


Tlustrations 


O Submit a complete set of figures with the original and each copy of the . 
manuscript (4 sets total). Two sets must contain glossy illustrations, the 
other two sets may be high-quality photocopies. Figures must be in 
black and white and must be professionally drawn and photographed; 
freehand or typewritten lettering is unacceptable. Note: Art work of 
published articles will not be returned. 

Q Send sharp, unmounted, glossy black-and-white photographic prints, 
rane i aS O O il aac? aia aad 
original drawings, roentgenograms, or other material. 


0 Many computer-generated figures are unsatisfactory for reproduction — 


and should be professionally redrawn. Lettering should be of adequate 
size to retain clarity after reduction (final lettering size in print should be 
1.5 mm high). Symbols, cross-hatching, and stippling within a figure 
should be sharp and distinct enough to retain uniqueness after reduc- 
tion. 

O Each figure must have a label pasted on its back indicating the number 
of the figure, the names of the authors, and the top of the figure. Do not 
write on the back of the figures. Do not mount them on cardboard or 
scratch them by using paper clips. Do not bend figures. 

C Photomicrographs must have internal scale markers. Symbols, arrows, 
and letters used in the photomicrographs should contrast with the 
background. ` 


Ea E each: E E tent tnvconsscutive orden It 4 Gaure tas beer 


published, acknowledge the original source and submit written permis- 
sion from both the author and the publisher to reproduce the material. 
Permission is required, regardless of authorship or publisher, exept for 
documents in the public domain. 

O If a human subject is identifiable in the illustration, written consent 
must be obtained from the patient or legal guardian. 


Legends for Ilustrations 


O Type legends for illustrations double-spaced starting on a separate 
page, with arabic numerals corresponding to the illustrations. 

[J] When symbols, arrows, numbers, or letters are used to identify parts of 
the illustrations, identify and explain each one clearly in the legend. 

C Define all abbreviations used in each illustration. 


Abbreviations 

O At first mention of terminology in text, spell out in full and follow 
immediately with the abbreviation (enclosed within parentheses). 

O Do not synthesize new or unusual abbreviations. When many abbre- 
viations are used, include all in a box of definitions at the start of the 
article. 


’ O Consult the following sources for abbreviations: 


1. CBE Style Manual Committee. Council of Biology Editors style 
manual: a guide for authors, editors, and publishers in the biological 
‘sciences. 5th ed. Bethesda, Maryland: Council of Biology Editors, 
1983; 

2. American Medical Association. Manual of.style. 8th ed. Baltimore, 
Maryland: Williams & Wilkins, 1989. 


Exclusive Publication Statement oe 

O The principal author of all materials submitted for publication (except 
letters to the editor) must include in a cover letter a statement to the 
effect that none of the material in this manuscript has been published 
previously nor is any of this material currently under consideration for 
publication elsewhere. 


O Authors will be asked to transfer copyright of articles aan for - 
publication to the Internationa] Anesthesia Research Society. 
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Editorial Pediatric Anesthesia 
Jugular Venous Oxygen Saturation and Cardiac Surgery Internal Jugular Vein Catheterization in Infants 
Cardiovascular Anesthesia | Preoperative Fasting and Cardiac Surgical Patients 


Cerebral Oxygen Balance During CPB Regional Anesthesia and Pain Management 
Cerebral Flow, Hypothermic Cardiopulmonary Bypass, Intracellular Myocardial Action of Bupivacaine 

and Pediatrics Reversal of Bupivacaine Cardiotoxicity 
Neurosurgical Anesthesia A Comparison of Epidural Guanfacine and Clonidine 


Somatosensory Evoked Potentials, Corticomotor Action of Clonidine on C-Fiber 


Evoked Potentials, Temperature, and Paco, Morphine- and Bupivacaine-Induced Antinociception 


Mexiletine, Allodyna, and Spinal Cord Injury Original Articles 


Obstetric Anesthesia Promethazine, Nausea, and Patient-Controlled 
Intrathecal Fentanyl and Cesarean Section Analgesia 

Epidural Fentanyl and Morphine Interaction Sevoflurane and Diaphragmatic Contractility 
Epinephrine and Kinetics of Spinal Anesthesia Intravenous Halothane and Pulmonary Edema 


CaCl, During Hypermagnesemia and Hemorrhage Inorganic Fluoride After Lengthy Sevoflurane 


Respiratory Effects of Epidural Sufentanil Anesthesia 


Stomach Contents of Parturients—Ultrasound Halothane Depression of Brain Calcium Channels 


Examination Betamethasone, Atracurium, and Vecuronium 
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For long surgical procedures... 











~ Long-acting muscle relaxation without vagolytic effects’ 


e Does not cause elevation of heart rate or blood pressure? 
e Histamine-related reactions are unlikely to occur. 
e Recommended when cardiovascular stability is desired? 


e A useful alternative to pancuronium in patients where 
tachycardia is best avoided? 


e Provides good to excellent intubating conditions within 
2.5 to 3.0 minutes. 


See following page for brief summary of prescribing information. 
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pllpecuronium bromide 


for injection 


Before prescribing, please consult complete product information, a sum- 
mary of which follows: 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED 


INDIVIDUALS FAMILIAR WITH ITS ACTIONS, CHARACTERISTICS, AND 
HAZARDS. 





CONTRAINDICATIONS: None known. 
WARNINGS: ARDUAN® |PIPECURONIUM BROMIDE) FOR INJECTION SHOULD BE 
ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF 
EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG’S ACTIONS AND THE 
POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND 
AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT CLINI- 
CIANS ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH 
AS ARDUAN® EMPLOY A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG 
RESPONSE, NEED FOR ADDITIONAL RELAXANT, AND ADEQUACY OF SPONTANEOUS 
RECOVERY OR ANTAGONISM. In patients with myasthenia gravis or myasthenic (Eaton- 
Lambert) syndrome, small doses of non-depolarizing neuromuscular blocking agents may 
have profound effects. Shorter-acting muscle relaxants than ARDUAN® may be more 
suitable for these patients. 
PRECAUTIONS: General: Since ARDUAN® has little or no effect on the heart rate, the 
drug will not counteract the bradycardia produced by many opioid anesthetic agents or 
vagal stimulation. Consequently, bradycardia during anesthesia may be more common with 
ARDUAN® than when a muscle relaxant (such as pancuronium) which exerts vagolytic action 
is employed. 
Renal Failure: ARDUAN® in the dose of 70 g/kg actual body weight (ABW), has been 
studied in a limited number of patients (n=20) undergoing renal transplant surgery recently 
dialyzed in preparation for cadaver renal transplant. The mean clinical duration (injection to 
25% recovery) of 103 minutes was not judged prolonged; however, there was wide individual 
variation (30 to 267 minutes}. ARDUAN® has not otherwise been studied in patients with 
renal failure (for elective or emergency non-renal surgery). Becausesit is primarily excreted by 
the kidney, and because some shorter-acting drugs (vecuronium and atracurium) have a 
more predictable duration of action in patients with renal dysfunction, ARDUAN® should be 
used with extra caution in patients with renal failure. 
Increased Volume of Distribution: Conditions associated with an increased volume 
of distribution, e.g., slower circulation time in cardiovascular disease, old age, or edematous 
states, may be associated with a delay in onset time. Because higher doses of ARDUAN® 
may produce a longer duration of action, the initial dosage should not usually be increased 
in these patients to enhance onset time; instead, more time should be allowed for the drug 
to achieve maximum effect. 
Hepatic Disease: There are no data on dosage requirements, onset, duration, or phar- 
macokinetics in patients with moderate or severe hepatic dysfunction and/or biliary obstruc- 
tion. This should be considered in selection of muscle relaxants for use in these patients. 
Obesity: The most common patient condition associated with prolonged clinical duration 
was obesity, defined as 30% or more over ideal body weight (IBW). Clinical study subjects 
were dosed on the basis of actual body weight, which may have contributed to the higher 
incidence of prolonged duration. It is therefore recommended that dosage be based upon 
ideal body weight for height in obese patients. 
Malignant Hyperthermia (MH): Human malignant hyperthermia hes not been 
reported with the administration of ARDUAN® Because ARDUAN ® is never used alone and 
because the occurrence of malignant hyperthermia during anesthesia is possible even in the 
absence of known triggering agents, clinicians should be familiar with early signs, confirma- 
tory diagnosis, and treatment of malignant hyperthermia prior to the start of any anesthetic. 
In an animal study in MH-susceptible swine (n=7), the administration of ARDUAN® was not 
associated with the development of malignant hyperthermia. 
Long-Term Uses in the Intensive Care Unit (ICU): No data are available on the 
long-term use of ARDUAN® in patients undergoing mechanical ventilation in the |.C.U. 
Central Nervous System: ARDUAN® has no known effect on consciousness, the pain 
threshold, or cerebration. Therefore, administration must be accompanied by adequate 
anesthesia. 
Drug Interactions: ARDUAN® can be administered following recovery from succinylcho- 
line when the latter is used to facilitate endotracheal intubation. 

The use of ARDUAN® before succinylcholine, in order to attenuate some of the side effects 
of succinylcholine, is not recommended because it has not been studied. 

There are no clinical data on concomitant use of ARDUAN® and other non-depolarizing 
neuromuscular blocking agents. 
Inhalational Anesthetics: Use of volatile inhalation anesthetics has been shown to 
enhance the activity of other neuromuscular blocking agents on the order of enflurane > 
isoflurane > halothane. Since the neuromuscular blocking agents are routinely administered 
before or shortly after the administration of the inhalation anesthetic, minimal effects are 
generally observed on onset time and peak effect. In routine use of neuromuscular blocking 
agents, only clinical duration is generally affected (prolonged). No definite interaction 
between ARDUAN® and halothane, as used clinically, has been demonstrated. Use of 
isoflurane in one study of 25 patients resulted in an increase in mean clinical duration by 
12%. In another study of 25 patients first anesthetized with enflurane for 5 minutes or more, 
the mean clinical duration was increased by 50%. Therefore, a prolonged c inical duration 
following initial or maintenance doses and prolonged recovery from neuromuscular block- 
ing effect of ARDUAN® should generally be anticipated with enflurane > isoflurane > 
halothane. 
Antibiotics: Porenteral/intraperitoneal administration of high doses of certain antibiotics 
may intensify or produce neuromuscular block on their own. The following antibiotics have 
been associated with various degrees of paralysis: aminoglycosides (such as neomycin, 
streptomycin, kanamycin, gentamicin, and dihydrostreptomycin); tetracyclines; bacitracin; 
polymyxin B; colistin; and sodium colistimethate. If these or other newly introduced antibiot- 
ics are used in conjunction with ARDUAN® during surgery, prolongation of neuromuscular 
block should be considered a possibility. 
Other: Experience concerning injection of quinidine during recovery from use of other mus- 
cle relaxants suggests that recurrent paralysis may occur. This possibility must also be con- 
sidered for ARDUAN®. ARDUAN®- induced neuromuscular blockade has been counteracted 
by alkalosis and enhanced by acidosis in experimental animals (cat). In addition, experience 
with other drugs has suggested that acute (e.g., diarrhea} or chronic (e.g., adrenocortical 


insufficiency) electrolyte imbalance may alter neuromuscular blockade. Since electrolyte , 
imbalance and acid-base imbalance are usually mixed, either enhancement or inhibition 
may occur. Magnesium salts, administered for the management of toxemia of pregnancy, 
may enhance neuromuscular blockade. 

Drug/Laboratory Test Interactions: None known. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Studies in animals have 
not been performed to evaluate carcinogenic potential or impairment of fertility. Mutagenicity 
studies (Ames test, Sister Chromatid Exchange) conducted with ARDUAN® revealed no 
mutagenic potential. 

Pregnancy Category C: A teratogenicity study has been conducted in rats using 
intravenously administered doses of ARDUAN® approximating the clinical dose in humans 
(50 g/kg). No teratogenic effects were observed in this study. An embryotoxic effect 
(secondary to maternal toxicity) was observed at the highest dose administered (50 ng/kg) 
as demonstrated by an increase in earlier fetal resorptions. There are no adequate and 
well-controlled studies in pregnant women. ARDUAN® should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 

Use in Obstetrics (Caesarean section): There are insufficient data on placental transfer 
of ARDUAN® and possible related effect(s) upon the neonate following Caesarean section 
delivery. In addition, the duration of action of ARDUAN® exceeds the duration of operative 
obstetrics (C-section). Therefore, ARDUAN® is not recommended for use in patients under- 
going C-section. 

Pediatric Use: Infants (3 months to ] year) under balanced anesthesia (2 studies in 

52 infants), or halothane anesthesia (1 study in 29 infants), manifest similar dose response to 
ARDUAN® as do adults on a g/kg ABW basis. Children (1 to 14 years) under balanced 
anesthesia (4 studies in 57 children), or halothane anesthesia (2 studies in 29 children), may 
be less sensitive than adults. These conclusions come from studies involving titrating patient 
response by the incremental method to approximately 1.2 times ED,.. There are no data on 
either onset time or clinical duration of larger doses in infants or children. There are no data 
on maintenance dosing in infants and children. Pharmacokinetic studies in infants and chil- 
dren have not been performed; therefore no pharmacokinetic modeling of incremental dos- 
ing can be attempted. The use of ARDUAN® in neonates and infants below 3 months of age 
has not been investigated. Antagonism has not been systematically studied in infants or chil- 
dren, However, usual clinical doses of neostigmine administered following significant levels 
of spontaneous recovery (recovery of T, to more than 50% of control) produced complete 
antagonism of residual neuromuscular block in less than 10 minutes in the majority of cases. 
ADVERSE REACTIONS: The most frequent side effect of non-depolarizing blocking 
agents as a class is an extension of the drug's pharmacological action beyond the time 
period needed for surgery and anesthesia. Clinical signs may vary from skeletal muscle 
weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insuffi- 
ciency or apnea. This may be due to the drug's effect or inadequate antagonism. 

The following listings are based upon U.S. clinical studies involving nearly 600 patients uti- 
lizing a variety of premedications, varying lengths of surgical procedures, and various anes- 
thetic agents. 

Adverse experiences in greater than 1% of cases and judged by the investigator to have a 
possible causal relationship: clinically significant hypotension (2.5% of cases); clinically sig- 
nificant bradycardia (1.4% of cases). 

Adverse experiences in less than 1% of cases and judged by the investigator to have a 
possible causal relationship: . 
Cardiovascular: hypertension, myocardial ischemia, cerebrovascular accident, thrombo- 
sis, atrial fibrillation, ventricular extrasystole. 

Metabolic and Nutritional: increased creatinine, hypoglycemia, hyperkalemia. 
Musculoskeletal: muscle atrophy, difficult intubation. 

Nervous: hypesthesia, CNS depression. 

Respiratory: dyspnea, respiratory depression, laryngismus, atelectasis. 

Skin and Appendages: rash, urticaria. 

Urogenital system: anuria. 

HOW SUPPLIED: 10 mL vials containing 10 mg lyophilized pipecuronium bromide. Boxes 
of 6 (NDC 0052-0446-36). 

Storage: 2°-30°C (35°-86°F). Protect from light. 

After Reconstitution: When reconstituted with bacteriostatic water for injection, USP: 
CONTAINS BENZYL ALCOHOL, WHICH IS NOT INTENDED FOR USE IN NEWBORNS. 
Use within 5 days. May be stored at room temperature or refrigerated. 

When reconstituted with sterile water for injection or other compatible |.V. solutions: 
Refrigerate vial. Use within 24 hours. Single use only. Discard unused portion. 

CAUTION: Federal law prohibits dispensing without prescription. 
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October 1992. Approx. 2,000 pages in 2 volumes, 800 ills. (Book Code: 05818) 





New! 
COMMON PROBLEMS 


IN PEDIATRIC ANESTHESIA, 2nd Edition 

Linda C. Stehling, MD; with 40 contributors. 

W Presents a selection of case studies and suggested techniques of management for a 
variety of issues in a practical, ready, reference style. 


E New topics include regional anesthesia, ICU management, pain management, 
and transplantation. 
September 1992. Approx. 375 pages, 50 ills. (Book Code: 06495) 


New! 
CRITICAL DECISIONS 5 


IN PAIN MANAGEMENT 
Somayaji Ramamurthy, MD and James N. Rogers, MD 


M Presented in classic decision making format - concise algorithms help you make the 
right decisions. 
a T by body region and also covers pharmacology, therapy and specific 
ocks. 
October 1992. Approx. 252 pages, 120 ills. (Book Code: 21870) 


New! 


ANESTHESIA: A Comprehensive Review 
Brian A. Hall, MD and Keith A. Jones, MD 


M Presents essential information on patient management through a series a 
questions, answers and case analysis. 

WE Organized by organ system (i.e. cardiac, obstetric) and other topics pertinent to the 
practice of anesthesiology (i.e. pharmacology). 

July 1992. Approx. 350 pages, 17 ills. (Book Code: 06930) 
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l or man Advantage of Tracrium Advantage of Tracrium 
No difference in Clinical response 
reason S recovery from neuro- unaffected by hepatic 








muscular blockade function’ or patient 
between normal and age.” 
obese patients. | 








Total hip Renal surgery Neurosurgery Everyday 





replacement for trauma procedures 
Common patient type Common patient type Common patient type Common patient type 
Elderly women and Both adults and Both adults and Average 

men children children 
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Recovery time Recovery time Effect unchanged by The same reasons 
unaffected by age.’ unaffected by renal concomitant anticon-  Tracrium is ideal for 
dysfunction.” vulsant medications special patient types 
(phenytoin, carba- make it the choice for 
mazepine).*° everyday procedures. 
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TRACRIUM? INJECTION 


(atracurium besylate) ; 
Brief Summary 
Tis drup hou be usad oriy by adequsisiy tod vu iar wth acre, characieristes, and 


cane AND USAGE: Tracrium ie Indicaled, es an adjunct to general anesthesia, to facilitate 
endotracheal intubation and to provide skeleta! muscle relaxation during surgery or mechanical ventilation. 
CONTRAINDICATIONS: Tracrium is contreindicated In patients known to have a hypersensitivity to #. 
WARNINGS: TR4CRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT AND 
rn SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
REVERSAL AGENTS SHOULD 


- ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE 


BE IMMEDIATELY AVAILABLE, DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. Tracrtum 


! administered simulteneousty 

, neede. Depending on the resultant P De anal Ue DO martane ane d Toa Bea may 

be p-ecipitaisd, Tomum ee e rae cortan alcohol has been 
asecciated with an Increased incidence of neurological and other comp seer Infants which 

are sometimes letal; Tracrtam Infection & ml ampuis and in. aingle tay Vels do net contain benzyl conc! 


PRECAUTIONS: General: Although Tracrium is a lass potent histamine releaser than d-tubocurarine or 
curine, release In sensitive 


be espectally hazardous (6.9., patients with clinically significant cardiovascular disease) and In patients with 
any T (6.g., severe srephylactald reactions or ply uggs i a greater risk of histamine 
release. In these patients, 


the recommended initial Tracru ipl a das bh ) than for other 
patients and should be administered slowly or in gee ee no clinically 
signficant affects on heart rate in the recommended Se eraa he oe 
by many anestheic agents or vegel stimulafion As a may be mors common 


myasthenia gravis, Eaton-_ambert syndrome, or other neuromuscular diseases a which 

i la nigh adr gar none loa E important for 
aesessiig neuromuscular biockade in these pallsnts. Similar precautions shouki be taken in patients 
with savere siectrotyle disorders or carcinomatosis. Multinle factors in anesthesia practice are suspected 
aleb ae agar’s and foscryicholine ere recognized ax oair ar pharmacoione: tipper 


3 and succinyicholine are as pharmacologic agents In 
itis Henly: omens. seca licen in the absence of ostab ibe ins 
the clinickan ehoukd be w and treat MH in any patient scheduled for general 
hæve been rare in cases in which Tracrium has been used in studies of 


animals 

swite) and in a clinical study of MH-susceptible patients, Tracrium did not trigger this syndrome. 

+ one to node lsira pgp aber il arn labman oo 
of nondepotarizirg musca re uired in bum patients and are dependent on the time 
since the bum ard te secre barn ee 
with bronchial asthma. Tarm Use in Intensive Care Unit (ICU): Tracrium has been used to 

mechanica venti ation in | When there is a need for mechanical ventilation, the benafits 

to risk ratio of oT einer rm (ay a neces Hodon On 

ae al ia m rad by long-term to weeks) Intravenous Infusion to faciiitate 

mecnanical ventilation in care facilites. For piles lalate rable cheb rac 

Teel pitti ela tate scien, EAA Gvidenca EA tal Bote bs wide A vee dosage 

requirements and that these requirements may change with fme. Limited data suggest that Tracrium infusion 

requirements mey increase poet administration in the ICU. As wih other neuromuscular blocking 

Bittle information Is on the plasma levais or cinical consequences of airacurium metabolites 

fel age ce ge chp Me i ic reba One metabolite 

of atracurium, lai danosina, when administered alone gal alle als, has been with cerebral 

soc hora aflscis, Physiological effects of laudancaine in humans have not been demonstrated. The 

hamod alysie, hemopertusion and hemofiltration metabolies 


unknown. Drag interactions: Drugs neuromuscular blocking 
anflurane; isoflurane; halothane; certain witcha ai especially the am aides and : 
lithium; magnesium salts; hamide; and . H other muscle relaxarts are curing the 
sama procedure, the E a or antagonist effect shouid be considered. The prior 
administrat the duration, but quickans the onset and m my Increase 


at concentratior.s- which also killed over 80% of the treated cells. P Terstogenic 
Pregnancy S TEE NA aaen IN o PO Ay s in abita, whes feii p kA etiaai 
up oh ll in 


respiratory 
aways ba considered folowing cesarean section during which a neuromuscular ae agent be neg 
aarafisiaed: | In pationds rece 
whos ibd nite San m be lowered as indicated. puping mowers: pepe 


Roe O a a es tacliaes iad esl eae aaa 
during extensive clinical iials. Mon wore su of histamine refease (see Precautions Seotion). 


signiicance Subatantial 
Wee as UIT ees celia eat Oa evened Goose ean without cardiovascular disease, 
Ware Ma DEAS D a patients the recommended intial eather kg of Traci, 
fea 20% adduced pale le 


attorial pressure white 4.6% had an increase in rate. At doses < 0. mean arterial pressure 
increased in 1.9% and decreasad in 1.1% of One wack aie cast? 1.6% and decreased In 
` 0.8% of these patente. Observed In Clinteal : Based on cinica experience In the U.S, and the United 


__ Kingdom of approximately 3 million patients given Tracrium the following adversa reactions are among the 
most frequently reported: General: allergic reactions (anaphylactic or anaphytactotd) which, in rare 
erost}; Musculcekoletat profonged block: Cardiovascular: 


Instences, were severe (3.9., cardiac 
hypotenalon, vasodilatation (uning), tachycardia, deg poeta dyspnea, bronchospasm, 
laryngespasm:; Integumentary: rash , urticaria, Infection reaction. 
STCRAGE: Traum rjcton shou ba refrigerated at 2° to 8° C (38° to 48° F) lo rosa 
NOT FREEZE. Upon removal from ration to room temperature storage cond tlons UTP use usa 
Tracrlum Infection within 14 days even I rerefrigerated. 
1. Weinstein JA, Matteo RS, Omstain E, SON A ORT te Pharmacodynamics of vecuro 
ium and atracurium in the obese su ical eg perl 1968787: 1149-1153. 2. Ward $, Nell EAM 
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The American Board of Anesthesiology 
(ABA) will administer its written exam- 
ination for certification of CONTIN- 
UED DEMONSTRATION OF QUALI- 
FICATIONS on Saturday, May 15, 
1993, and Friday, October 1, 1993. Dip- 
' lomates of the ABA who are interested 
in participating in the voluntary CDQ 
program may request an application by 
writing to the Secretary, American 
Board of Anesthesiology, 100 Constitu- 
tion Plaza, Hartford, Connecticut 
06103-1796. The deadline for receipt in 
the Board office of completed applica- 
tions for the May examination is No- 
vember 15, 1992. The deadline for re- 
ceipt of applications for the October 
examination is April 1, 1993. 





MOVING? 


To avoid interruption in your receipt of this 
Journal, we need to know your new address— 
six weeks in advance. 

When writing us, be sure to type or print 
clearly your name and your new address— 
complete with zip code. It is essential that you 
also list your old address, 


IMPORTANT: We publish a number of med- - 
ical and scientific periodicals. Therefore, 
please be sure to give the name of THIS 
Journal when you write us. 


Thank you for cooperating! 


IARS Members contact: 
International Anesthesia Research Society 
2 Summit Park Drive, Suite 140 
Cleveland, Ohio 44131-2553 

















All others contact: 
Elsevier Science Publishing Co., Ine. 
655 Avenue of the Americas 

New York, New York 10010 
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mivacurium chloride 
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MIVACRON® INJECTION 
MIVACRON® PREMIXED INFUSION 


(MIVACURIUM CHLORIDE) 


This drug should be administered only by adequately trained individuals familiar with its actions, characteristics, 
and hazards. 


DESCRIPTION: MIVACRON (mivacurium chloride) is a short-acting, nondepolarizing skeletal muscle relaxant 
for intravenous administration. Mivacurium chloride is | A-[A” ,A*-(E)]}-2,2’-[(1,8-dioxo-4-octene-1 ,8-diyl)bis(oxy- 
3,1-propanediyl)|bis|1,2,3,4-tetrahydro-6, 7-dimethoxy-2-methyl- 1-[(3,4,5-trimethoxyphenyl)methy!]isoquinolinium] 
dichloride. The molecular formula is CsgHeoClaN2O14 and the molecular weight is 1100.18. The structural formula 
IS 


CH30 OCH3 
S 
CH30 y YCH2)30CCH2CH2C=CCH2CHCO(CH2)5 y- OCH; 
CH) | CH2 
2C- 
CH30 OCH; CH30 OCH3 
OCH3 OCH3 


The partition coefficient of the compound is 0.015 in a 1-octanol/distilled water system at 25°C. 

Mivacurium chloride is a mixture of three stereoisomers: (1R, 1'R, 2S, 2’S), the trans-trans diester; (1R, 1A, 
2R, 2’S), the cis-trans diester, and (1R, 1 R, 2R, 2A), the cis-cis diester. The trans-trans and cis-trans stereoisomers 
comprise 92% to 96% of mivacurium chloride and their neuromuscular blocking potencies are not significantly 
different from each other or from mivacurium chloride. The cis-cis diester has been estimated from studies in 
cats to have one-tenth the neuromuscular blocking potency of the other two stereoisomers. 

MIVACRON Injection is a sterile, non-pyrogenic solution (pH 3.5 to 5.0) containing mivacurium chloride 
equivalent to 2 mg/mL mivacurium in Water for Injection. Hydrochloric acid may have been added to adjust pH. 
MIVACRON Premixed Infusion is a sterile, non-pyrogenic solution (pH 3.5 to 5.0; 260 mOsmol/L-measured) 
containing mivacurium chloride equivalent to 0.5 mg/mL mivacurium in 5% Dextrose Injection USP. Hydrochloric 
acid may have been added to adjust pH. 


CLINICAL PHARMACOLOGY: MIVACRON (a mixture of three stereoisomers) binds competitively to 
cholinergic receptors on the motor end-plate to antagonize the action of acetylcholine, resulting in a block of 
neuromuscular transmission. This action is antagonized by acetyicholinesterase inhibitors, such as neostigmine. 


Pharmacodynamics: The time to maximum neuromuscular block is similar for recommended doses of 
MIVACRON and intermediate-acting agents (e.g., atracurium), but longer than for the ultra-short-acting 
agent, succinylcholine. The clinically effective duration of action of the stereoisomers in MIVACRON (a 
mixture of three stereoisomers) is one-third to one-half that of intermediate-acting agents and 2 to 2.5 times 
that of succinylcholine. 

The average EDss (dose required to produce 95% suppression of the adductor pollicis muscle twitch response 
to ulnar nerve stimulation) of MIVACRON is 0.07 mg/kg (range: 0.06 to 0.09) in adults receiving opioid/nitrous 
oxide/oxygen anesthesia. The pharmacodynamics of doses of MIVACRON >EDss administered over 5 to 15 seconds 
during opioid/nitrous oxide/oxygen anesthesia are summarized in Table 1. The mean time for spontaneous recovery 
of the twitch response from 25% to 75% of control amplitude is about 6 minutes (range: 3 to 9, n=32) 
following an initial dose of 0.15 mg/kg MIVACRON and 7 to 8 minutes (range: 4 to 24, n=85) following initial 
doses of 0.20 or 0.25 mg/kg MIVACRON. 

Volatile anesthetics may decrease the dosing requirement for MIVACRON and prolong the duration of 
action; the magnitude of these effects may be increased as the concentration of the volatile agent is 
increased. Isoflurane and enflurane (administered with nitrous oxide/oxygen to achieve 1.25 MAC [Minimum 


Alveolar Concentration]) may decrease the effective dose of MIVACRON by as much as 25%, and may prolor 
the clinically effective duration of action and decrease the average infusion requirement by as much ¿ 
35% to 40%. At equivalent MAC values, halothane has little or no effect on the EDso of MIVACRON, but mas 
prolong the duration of action and decrease the average infusion requirement by as much as 20% (se 
Individualization of Dosages subsection of CLINICAL PHARMACOLOGY and Drug Interaction subsectio 
of PRECAUTIONS). 


Table 1 
Pharmacodynamic Dose Response During Opioid/Nitrous Oxide/Oxygen Anesthesia 






Time to Spontaneous Recovery’ 













Time to 
Maximum 
Block’ 


Initial 
MIVACRON 
Dose 
(mg/kg) 














Adults 













0.07 t00.10  [n=47] 4.9 21 
(2.0-7.6) (10-36) 

0.15 [n=50] 3.3 26 
(15-45) 

[n=50] 34 
(19-56) 






[n=48] 
(22-64) 











Children 2 to 12 Years 
0.11t00.12  [n=17] 





0.20 [n=18] 19 


(14-26) 







0.25 [n=9] 





‘Values shown are medians of means from individual studies (range of individual patient values). 

2Clinically effective duration of neuromuscular block. 

3Data available for as few as 40% of adults in specific dose groups and for 22% of children in the 0.20 mg/k 
dose group due to administration of reversal agents or additional doses of MIVACRON prior to 95° 
recovery or T4/T; ratio recovery to >75%. 


Administration of MIVACRON over 60 seconds does not alter the time to maximum neuromuscular block or the 
duration of action. The duration of action of the stereoisomers in MIVACRON may be prolonged in patients witi 
reduced plasma cholinesterase (pseudocholinesterase) activity (see Reduced Plasma Cholinesteras 
Activity subsection of PRECAUTIONS and Individualization of Dosages subsection of CLINICA® 
PHARMACOLOGY). 

Interpatient variability in duration of action occurs with MIVACRON as with other neuromuscular blocking agents» 
However, analysis of data from 224 patients in clinical studies receiving various doses of MIVACRON during 
opioid/nitrous oxide/oxygen anesthesia with a variety of premedicants and varying lengths of surger 
indicated that approximately 90% of the patients had clinically effective durations of block within 8 minutes o 
the median duration predicted from the dose-response data shown in Table 1. Variations in plasma 
cholinesterase activity, including values within the normal range and values as low as 20% below the lower limi 
of the normal range, were not associated with clinically significant effects on duration. The variability in durations 
however, was greater in patients with plasma cholinesterase activity at or slightly below the lower limit of the 
normal range. 

A dose of 0.15 mg/kg (2 x EDes) MIVACRON administered during the induction of thiopental/opioid/nitrous 
oxide/oxygen anesthesia produced generally good-to-excellent conditions for tracheal intubation in 2.£ 
minutes. Doses of 0.20 and 0.25 mg/kg (3 and 3.5 x EDss) yielded similar conditions in 2.0 minutes. 
Repeated administration of maintenance doses or continuous infusion of MIVACRON for up to 2.5 hours is noi 
associated with development of tachyphylaxis or cumulative neuromuscular blocking effects in ASA Physicas 
Status I-II patients. Limited data are available from patients receiving infusions for longer than 2.5 hours. Spontaneous 
recovery of neuromuscular function after infusion is independent of the duration of infusion and comparable 
to recovery reported for single doses (Table 1). 

The neuromuscular block produced by the stereoisomers in MIVACRON is readily antagonized by anticholinesterase 
agents. As seen with other nondepolarizing neuromuscular blocking agents, the more profound the 
neuromuscular block at the time of reversal, the longer the time and the greater the dose of anticholinesterasé 
agent required for recovery of neuromuscular function. 

In children (2 to 12 years), MIVACRON has a higher EDgs (0.10 mg/kg), faster onset, and shorter duration o' 
action than in adults. The mean time for spontaneous recovery of the twitch response from 25% to 75% of contro 
amplitude is about 5 minutes (n=4) following an initial dose of 0.20 mg/kg MIVACRON. Recovery following reversa! 
is faster in children than in adults (Table 1). 


Hemodynamics: Administration of MIVACRON in doses up to and including 0.15 mg/kg (2 x EDss) over 5 tc 
15 seconds to ASA Physical Status I-Il patients during opioid/nitrous oxide/oxygen anesthesia is associatec 
with minimal changes in mean arterial blood pressure (MAP) or heart rate (HR) (Table 2). 


Table 2 
Cardiovascular Dose Response During Opioid/Nitrous Oxide/Oxygen Anesthesia 

























Initial 
MIVACRON 
Dose 
(mg/kg) 


% of Patients With 230% Change 


Adults 





0.07 to 0.10 [n=49] 0% 
0.15 (n=53] 2% 
0.20 [n=53] 8% 


0.25 


Children 2 to 12 years 
0.11 to 0.12 [n=17] 
0.20 [n=17] 
0.25 


0% 
0% 


Higher doses of >0.20 mg/kg (>3 x ED95) may be associated with transient decreases in MAP and increases 
in HR in some patients. These decreases in MAP are usually maximal within 1 to 3 minutes following the dose 
typically resolve without treatment in an additional 1 to 3 minutes, and are usually associated with increases 
in plasma histamine concentration. Decreases in MAP can be minimized by administering MIVACRON over 
30 or 60 seconds (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY anc 
General subsection of PRECAUTIONS). 

Analysis of 426 patients in clinical studies receiving initial doses of MIVACRON up to and including 0.30 mg/k; 
(i.e., 2 times the recommended intubating dose) during opioid/nitrous oxide/oxygen anesthesia showed tha 
high initial doses and a rapid rate of injection contributed to a greater probability of experiencing a decrease 
of > 30% in MAP after MIVACRON administration. Obese patients also had a greater probability of experiencing 


a decrease of 230% in MAP when dosed on the basis of actual body weight, hereby receiving a largar doses 
than # dosed on the basis of ideal body weight (seo Individualization of Dosages subsaction of CLINICAL 
PHARMACOLOGY and the General subsection of PRECAUTIONS). 

Chiidren experience minima! changes In MAP or HR afior administration of MIVACRON doses ap to and including 
0.20 mg/kg over 5 to 15 seconde, but higher doses (20.25 mg/kg) may be associated with transient decreases 
in MAP (Table 2). 

Following a dose of 0.15 mg/kg MIVACRON administered over 60 saconds, adult patients with significant 
cardiovascular disease undemoing coronary artery bypass grafting or valve replacement procedures showed 
no clinically Important changes In MAP or HA. Transient decreases in MAP were observec in some patients 
after doses of 0.20 to 0.25 mo'ko MIVACRON administered over 60 seconds. The number of patients in whom 
these decreases in MAP required treatmont was small. 


Pharmacokinetics: Table 3 describes the results from a study of 9 ASA Physical Status |-! adult pattents (31 
‘to 48 years) receiving an infusion of MIVACRON at 5 p1.g/ko/min for 60 minutes followed by 10 g/kg/min for 
60 minutes, MIVACRON is a mixture of Isomers which do not inferconvert in vivo. The mivacurlun pharmacakinetic 
parameters presented in Table 3 were determined using a stereospecific assay. The two more potent 
isomers, cis-irans (26% of the mixture) and irans-trans (57% of the mitura}, have very high clearances that 
exceed cardiac output reflecting the extensie metabolism by plasma cholinesterase. The volume of 
distribution is relatively small, reflecting Emited tissue distribution secondary to the polarity and large 
mokeculas weight of mivacurium. The combinafian of high metabolic clearance and low distribullon volume results 
in the short elimination hal-e of approximasely 2 minutes for the two active Isomers. The short elimination half- 
ves and high metabolic clearances of the active isomers are consistent with the short duration of action of 
MIVACRON, The steady-state concentrafions of the cis-frans and trans-trans leomers doubled after the 
Infuston rate was increased from 5 to 10 pg'kg‘min, Indicating that thelr pharmacok netics are doss- 


proportional 


Tabie 3 
Stereoisomer Pharmacokinetic Parameters’ of MIVACRON In ASA Physical Status (-ii 
Adut Petenis [n=@] During Oploki/Nitrous Oxide/Oxygen Anesthesia 





‘Values shown are mean (range). 
2Ages 31 to 48 years. 


The cle-cis isomer {8% of the mixture) hes approximately one-tenth the neuromuscular blocking potency of the 
irans-trans and cis-trans bomers In cats. In the nine patients shown in Tabte 3, the voluma of distribution of 
the cfs-cis tsomer averaged 0.31 l/kg (range: 0.18-0.46), the clearance averaged 4.2 mL/mawkg (range: 2.4- 
5.4), and the half-fife averaged 55 minutes (range: 32-102). The neuromuscular blocking patency of the cis- 
cis omer in humans hes not been established; however, modeling of clinical pharmacokinetic-pharmacodynam ic 
data suggests ihat the cis-cis isomer produces minima! (<5%) neuromuscular block during a two-hour 
infusion. In studies in which Infusions of up to 2.5 hours were administered to ASA Physicel Status HI 
patients, the 25%-75% recovery times wers independent of the duration of infusion, suggesting that the cie- 
cis lsomay does not contribute significant neuromuscular block during use for up to 2.5 hours. Limited data are 


avallable from Infusions of longer duration or from patents with compromised elimination capacities (hepatic 
or renéd tabure). 


Motaboðem and Excretion: Enzyme: hyctolysis by pesma cholinesterase is the primary mechantem for Inectivadon 
of mivacunlum and yields a quetamery alcohol and a quaternary monoestar metabola. Renal end biliary excretion 
of unchanged mivecurtum are minor efimminafion pathways; urine and bile are Important ofininafion pathways 
for the two metabolites. Tasts in which these tec metabollies wore administered to cats and dogs suggest that 
each metabolite is unlikely to produce clinically significant neuromuscular, autonomic, or cardicvascular 
effects following administration of MIVACRON. 


Special Populations: The pharmacokinetics of mivacurlum isomers has not bean studied In the elderly or in 


that reduced clearance of one or mora pomers s reeponsible for the longer duration of action of MIVACRON 
seen in patients with end-stage kidney or iver disease. The data did not provide pharmacokinetic explanation 
ior the 15-20% longer duration of biock seen in -he eiderly. Tables 4 and 5 summarize the sharmacodynamic 
results in those spacial populations as compared with young adufis (agee 18 to 48 years). No daia are 
avallabie from patients with kidney or liver disease not requiring transplantation. 


Table 4 
Pharmacodynamic Parameters’ of MIVACRON In ASA Physical Status Hi 
Young Adult Patlents and Elderty Pattents During Isofturana/Nitrous Oxids/Oxygen Anosthesla 





'Valves shown are mean (range). 
2Time {rom injection to 25% recovery of the contra! twitch height. 


Renal: The clinically eSlective dursfon of action o' 0.15 mg/kg MIVACRON was about 1.5 times longer in patients 


ET oa ee tery enna A NARADY paltari, PILAR ey dia Tesora Coateaey Gt and onion 
ors. 


Hepatic: The clinically effective duration of action of 0.15 mg/kg MIVACRON was three times longer In 

* patents with end-stage [iver dissase than In healthy patients and is likely related to the markedly decreased 
pisama cholinesterase activity (30% of healthy patient values) which could decrease the clearance of one or 
more Isomers (zoo Reduced Plasma Cholinesterase Activity subsection of PRECAUTIONS). 












Tabie & 
Pharmacodynamic Parameters‘ of MIVACRON In ASA Physical Status Hi Patients and in Patients 
Undergoing Kidney or Liver Transplantation During lsofturans/Nitrous Oxide/Oxygen Anesthesia 

Patients Patients Patients? 
initied Dose 0.15 mgkg 8.15 moko 0.15 movkg 

[n=8] in=8] [n=] 
Maximum Block 99.8 100 100 
(%) 88-100) (100-100) (100-100) 
Time to Maximum Block 1.9 2.6 2.1 
Clinically Effective 19 30 57 
Duration of Block* {min} {12-30} {19-58} {29-80} 

1Values shown are mean (range). 

2Tima from injection to 25% recovery of the control twitch height. 

31 Iver transplant patients recetved Isoflurane without nitrous oxide. 

Individualization of Dosages: DOSES OF MIVACRON SHOULD BE INDIVIDUALIZED AND A PERIPHERAL 

NEAVE STIMULATOR SHOULD B= USED TO MEASURE NEUROMUSCULAR FUNCTION DURING 

MIVACRON ADMINISTRATION IN CADER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOR 

ADDITIONAL DOSES, AND CONFIRM RECOVERY FROM NEUROMUSCULAR BLOCK. 

Based on the known actions of MIVACRON (a mixture of three stereoisomers) and other neuromuscular blocking 

agente, the following factors shoutd ke considered when administering MIVACRON: 

Rane! or Hepatic Impairment A dase of 0.15 mgikg MIVACRON Is recommended for faciitation of fracheal Inubertion 

in patients with renal or hepatic Impairment. However, the clinically effective duration of block produced by this 

dose is about 1.5 times longer in patients with end-stage kidney disease and about 3 fimes longer In patients 
with end-stage Tver disease than in patients with normal renal and hepatic function, infusion rates should be 
decreased by as much as 50% in these patients depending on the degres of renal or hepatic impairment (see 

Renal and Hepatic Disasse subsection of PRECAUTIONS). 

Reduced Piesme Chotinesterase Activity. The possibilty of prolonged neuromuscular block following 

administration of MIVACRON must be considered in patients with reduced plasma cholinesterase 

(peaudocholinesterass) acthtty. MIVACRON should be used with great caution, if at all, in patients known or 
suspected af being homozygous for the atypical plasma cholinesterase gene (sso WARNINGS). Doses of 0.03 
mg/kg produced complete neuromuscular block for 26 to 128 minutes In three such patients; thus Initial doses 
greater than 0.03 mg/kg are not recommended In homozygous patients. infusions of MIVACRON are not 
recommended in homozygous patients. 

MIVACRON has boon used safely in patients helerazygous for the atypical plasma cholinesterase gene and 
in genotypically normal patients with reduced plasma cholinesterase activity. Aftor recommended Intubating 
doses of MIVACRON, the clinically effective duration of block in heterozygous patients may be approximately 
10 minutes longar than in patlants wth normal genotype and normal plasma cholinesterase activity. Lower 
MIVACRON Infusion rates are recommended in these patients (see Reduced Plasma Cholinesterase 
Activity subsection of PRECAUTIONS). 

Drugs or Condifians Causing Potantafon of or Resistance to Neuromuscular Block As with other neuromuscutar 
blocking agents, MIVACRON may have profound neuromuscular blocking effects in cachectic or debilitated patients, 
patients with neuromuscular diseases, and patlenis with carcinomatosis. In these or other patients in whom 
potentiation of neuromuscular block or difficulty with reversal may be aniloipated, the recommended initial dose 
shouid be decreased. A teat dose of rot more than 0.016~0.020 mg/kg, which represents the lower and of the 
dose-response curve for MIVACRON, is recommended in such patients (sea General subsection of 
PRECAUTIONS). 

The neuromuscutar blocking action of the stereoisomers in MIVACRON |s potentiated by Isoflurane or 
enfurane anesthesia. The recommenced initial MIVACRON dose of 0.16 mg/kg may be used for intubation prior 
the admintstrafion of these agents. H MIVACRON is first adrninistered after asteblshment of stable-state isoflurane 

or enflurane anesthesia (administered with nitrous oxide/oxygen to achieve 1.25 MAC), the initial MIVACRON 

dose should be reduced by as much as 25%, and the infusion rate reduced by as much as 35% to 40%. A greater 
potentiation of the neuromuscular Hocking action of the stereoisomers in MIVACRON may be axpectad with 
higher concentrations of enflurane or Boflurane. The use of halothane requires no adiursiment of the initial doge 
of MIVACRON, but may prolong the duration of action and decrease the average Infusion rate by as much as 

20% (see Drug Interactions subsection of PRECAUTIONS). 

When MIVACRON is administered fo pallants receiving cartain anfibiolice, magneetum salts, Ehium, loca! anesthetics, 
procainamide and quinidine, longer durations of neuromuscular block may be expected and Infusion 
requirements may be lower (see Drug Interactions subsection of PRECAUTIONS). 

When MIVACRON ts administered to patients chronically receiving phenytoin or carbamazepine, slightly shorter 

durations of neuromuscular block may be anticipated and infusion rate requirements may be higher (see Drug 

Interactions subsaction of PRECAUTIONS). 

Severe acid-base and/or electrolyte abnormalities may potentiate or cause resiatance fo fhe neuromuscular 
blocking action of the steraolsomers In MIVACRON. No data are available in such patients and no dosing 
recommandations can be mada (ses General subsection of PRECAUTIONS). 

Buma: While patients with bums are known to develop resistance to nondepolarizing neuromuscular blocking 

agents, they may also have reduced plasma cholinesterase activity. Consaquantly, in these patients, a test dose 

of not more han 0.015-0.020 mg/kg MIVACRON is recommended, followed by additional appropriate desing 
guided by the uss of a neuromuscular block monitor (see General subsection af PRECAUTIONS). 

Carhovascular Disease: In patients with clinically significant cardiovascular disease, the Initial dose of 
MIVACRON should be 0.15 mg/kg or less, administered over 60 seconds (see Hemodynamics subsection of 

CLINICAL PHARMACOLOGY and General subsection of PRECAUTIONS). 

Obaerty: Obese patients (patients weighing 230% more then their ideal body weight) dosed on the basie of actual 

body weight, hereby receiving a lyer dose than I dosed on the basis of ideal body weight, had a greater probability 

of expertancing a decrease of 230% in MAP (sae Hemodynamics subsection of CLINICAL PHARMACOLOGY 
and General subsection of PRECAUTIONS). Therefore, in obese patients, the initial dose should be 
determined using the patient's ideal ody weight (IBW), according to the following formulae: 

Men: IBW In kg = [106 + (6 x Inches in height above 5 teot) y2.2 

Women: ° [BW In kg = [100 + (5 x inches In height above 5 teet)y2.2 

Afergy and Sensitivity: In patients with any history suggestive of a greater sensitivity to the release of 

histamine or related mediators (@.g., asthma), the initial dose of MIVACRON should be 0.15 mg/kg or less, 

administered over 60 seconds (30e General subsaction of PRECAUTIONS). 

INDICATIONS AND USAGE: MIVACRON fs a short-acting neuromuscular blocking agent indicated for 

inpatients and culpatients, as an adjunct to general anesthesia, to faciitats tracheal Intubation and to 

provide skeletal muscle relaxation during surgery or mechanical ventilation. 

CONTRAINDICATIONS: MIVACRON is contraindicated In patients known to have an allergic hypersensitivity 

io mivacurlum chioride or other benzylisoquinolinium agents, as manifested by reactions such as urticaria or 

severe respiratory distress or hypotension. Use of MIVACRION from multi-dose vials is contraindicated in patients 
with a known allergy to benzyl alcohol. 


WARNINGS: MIVACRON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG'S ACTIONS 
AND THE POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS PERSONNEL AND FACILITIES FOR RESUSCITATION AND LIFE SUPPORT (TRACHEAL 
INTUBATION, ARTIFICIAL VENTILATION, OXYGEN THERAPY), AND AN ANTAGONIST OF MIVACRON ARE 
IMMEDIATELY AVAILABLE. IT IS RECOMMENDED THAT A PERIPHERAL NERVE STIMULATOR BE 
USED TO MEASURE NEUROMUSCULAR FUNCTION DURING THE ADMINISTRATION OF MIVACRON IN 
ORDER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOR ADDITIONAL DRUG, AND CONFIRM 
RECOVERY FROM NEUROMUSCULAR BLOCK. 


MIVACRON HAS NO KNOWN EFFECT ON CONSCIOUSNESS, PAIN THRESHOLD, OR CEREBRATION. TO 
AVOID DISTRESS TO THE PATIENT, NEUROMUSCULAR BLOCK SHOULD NOT BE INDUCED BEFORE 
UNCONSCIOUSNESS. 

MIVACRON IS METABOLIZED BY PLASMA CHOLINESTERASE AND SHOULD BE USED WITH GREAT 
CAUTION, IF AT ALL, IN PATIENTS KNOWN TO BE OR SUSPECTED OF BEING HOMOZYGOUS FOR THE 
ATYPICAL PLASMA CHOLINESTERASE GENE. 

MIVACRON Injection and MIVACRON Premixed Infusion are acidic (pH 3.5 to 5.0) and may not be compatible 
with alkaline solutions having a pH greater than 8.5 (e.g., barbiturate solutions). 


PRECAUTIONS: 


General: Although MIVACRON (a mixture of three stereoisomers) is not a potent histamine releaser, the possibility 
of substantial histamine release must be considered. Release of histamine is related to the dose and speed 
of injection. 

Caution should be exercised in administering MIVACRON to patients with clinically significant cardiovascular 
disease and patients with any history suggesting a greater sensitivity to the release of histamine or related mediators 
(e.g., asthma). In such patients, the initial dose of MIVACRON should be 0.15 mg/kg or less, administered over 
60 seconds; assurance of adequate hydration and careful monitoring of hemodynamic status are important (see 
Hemodynamics and Individualization of Dosages subsections of CLINICAL PHARMACOLOGY). 

Obese patients may be more likely to experience clinically significant transient decreases in MAP than non- 
obese patients when the dose of MIVACRON is based on actual rather than ideal body weight. Therefore, in 
obese patients, the initial dose should be determined using the patient's ideal body weight (see Hemodynamics 
and Individualization of Dosages subsections of CLINICAL PHARMACOLOGY). 

Recommended doses of MIVACRON have no clinically significant effects on heart rate; therefore, MIVACRON 
will not counteract the bradycardia produced by many anesthetic agents or by vagal stimulation. 
Neuromuscular blocking agents may have a profound effect in patients with neuromuscular diseases (e.g., myasthenia 
gravis and the myasthenic syndrome). In these and other conditions in which prolonged neuromuscular 
block is a possibility (e.g., carcinomatosis), the use of a peripheral nerve stimulator and a dose of not more than 
0.015-0.020 mg/kg MIVACRON is recommended to assess the level of neuromuscular block and to monitor 
dosage requirements (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). 
MIVACRON has not been studied in patients with burns. Resistance to nondepolarizing neuromuscular 
blocking agents may develop in patients with burns, depending upon the time elapsed since the injury and the 
size of the burn. Patients with burns may have reduced plasma cholinesterase activity which may offset this 
resistance (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). 


Acid-base and/or serum electrolyte abnormalities may potentiate or antagonize the action of neuromuscular 
blocking agents. The action of neuromuscular blocking agents may be enhanced by magnesium salts 
administered for the management of toxemia of pregnancy (see Individualization of Dosages subsection of 
CLINICAL PHARMACOLOGY). 


No data are available to support the use of MIVACRON by intramuscular injection. 


Renal and Hepatic Disease: The possibility of prolonged neuromuscular block must be considered when MIVACRON 
is used in patients with renal or hepatic disease (see Pharmacokinetics subsection of CLINICAL PHARMACOLOGY). 
Most patients with chronic hepatic disease such as hepatitis, liver abscess, and cirrhosis of the liver exhibit a 
marked reduction in plasma cholinesterase activity. Patients with acute or chronic renal disease may also show 
a reduction in plasma cholinesterase activity (see Individualization of Dosages subsection of CLINICAL 
PHARMACOLOGY). 


Reduced Plasma Cholinesterase Activity: The possibility of prolonged neuromuscular block following 
administration of MIVACRON must be considered in patients with reduced plasma cholinesterase 
(pseudocholinesterase) activity. 


Plasma cholinesterase activity may be diminished in the presence of genetic abnormalities of plasma 
cholinesterase (e.g., patients heterozygous or homozygous for the atypical plasma cholinesterase gene), pregnancy, 
liver or kidney disease, malignant tumors, infections, burns, anemia, decompensated heart disease, peptic ulcer, 
or myxedema. Plasma cholinesterase activity may also be diminished by chronic administration of oral 
contraceptives, glucocorticoids, or certain monoamine oxidase inhibitors and by irreversible inhibitors of plasma 
cholinesterase (e.g., organophosphate insecticides, echothiophate, and certain antineoplastic drugs). 


MIVACRON has been used safely in patients heterozygous for the atypical plasma cholinesterase gene. At doses 
of 0.10 to 0.20 mg/kg MIVACRON, the clinically effective duration of action was 8 to 11 minutes longer in patients 
heterozygous for the atypical gene than in genotypically normal patients. 

As with succinyicholine, patients homozygous for the atypical plasma cholinesterase gene (1 in 2500 patients) 
are extremely sensitive to the neuromuscular blocking effect of MIVACRON. In three such adult patients, a small 
dose of 0.03 mg/kg (approximately the ED1o.20 in genotypically normal patients) produced complete 
neuromuscular block for 26 to 128 minutes. Once spontaneous recovery had begun, neuromuscular block in 
these patients was antagonized with conventional doses of neostigmine. One adult patient, who was 
homozygous for the atypical plasma cholinesterase gene, received a dose of 0.18 mg/kg MIVACRON and exhibited 
complete neuromuscular block for about 4 hours. Response to post-tetanic stimulation was present after 4 hours, 
all four responses to train-of-four stimulation were present after 6 hours, and the patient was extubated after 
8 hours. Reversal was not attempted in this patient. 


Malignant Hyperthermia (MH): In a study of MH-susceptible pigs, MIVACRON did not trigger MH. MIVACRON 
has not been studied in MH-susceptible patients. Because MH can develop in the absence of established triggering 
agents, the clinician should be prepared to recognize and treat MH in any patient undergoing general 
anesthesia. 


Long-Term Use in the Intensive Care Unit (ICU): No data are available on the long-term use of MIVACRON 
in patients undergoing mechanical ventilation in the ICU. 


Drug Interactions: Although MIVACRON (a mixture of three stereoisomers) has been administered safely following 
succinylcholine-facilitated tracheal intubation, the interaction between the stereoisomers in MIVACRON 
and succinyicholine has not been systematically studied. Prior administration of succinyicholine can potentiate 
the neuromuscular blocking effects of nondepolarizing agents. Evidence of spontaneous recovery from 
succinylcholine should be observed before the administration of MIVACRON. 

The use of MIVACRON before succinyicholine to attenuate some of the side effects of succinyicholine has not 
been studied. 

There are no clinical data on the use of MIVACRON with other nondepolarizing neuromuscular blocking agents. 
Isoflurane and enflurane (administered with nitrous oxide/oxygen to achieve 1.25 MAC) decrease the EDso of 
MIVACRON by as much as 25% (see Pharmacodynamics and Individualization of Dosages subsections 
of CLINICAL PHARMACOLOGY). These agents may also prolong the clinically effective duration of action and 
decrease the average infusion requirement of MIVACRON by as much as 35% to 40%. A greater potentiation 
of the neuromuscular blocking effects of the stereoisomers in MIVACRON may be expected with higher concentrations 
of enflurane or isoflurane. Halothane has little or no effect on the EDso, but may prolong the duration of action 
and decrease the average infusion requirement by as much as 20%. 

Other drugs which may enhance the neuromuscular blocking action of nondepolarizing agents such as the 
stereoisomers in MIVACRON include certain antibiotics (e.g., aminoglycosides, tetracyclines, bacitracin, polymyxins, 
lincomycin, clindamycin, colistin, and sodium colistimethate), magnesium salts, lithium, local anesthetics, procainamide, 
and quinidine. Drugs that may enhance the neuromuscular blocking effects of mivacurium by a reduction in plasma 


cholinesterase activity include chronic administration of oral contraceptives, glucocorticoids, or certain 
monoamine oxidase inhibitors and by irreversible inhibitors of plasma cholinesterase (see Reduced Plasmas 
Cholinesterase Activity subsection of PRECAUTIONS). 

Resistance to the neuromuscular blocking action of nondepolarizing neuromuscular blocking agents has been 
demonstrated in patients chronically administered phenytoin or carbamazepine. While the effects of chronic 
phenytoin or carbamazepine therapy on the action of the stereoisomers in MIVACRON are unknown, slightly 
shorter durations of neuromuscular block may be anticipated and infusion rate requirements may be higher. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenesis and fertility studies have not been 
performed. MIVACRON was evaluated in a battery of four short-term mutagenicity tests. It was non-mutagenic 
in the Ames Salmonella assay, the mouse lymphoma assay, the human lymphocyte assay, and the in vivo rat 
bone marrow cytogenetic assay. 


Pregnancy: Teratogenic Effects: Pregnancy Category C. Teratology testing in nonventilated pregnant rats and 
mice treated subcutaneously with maximum subparalyzing doses of MIVACRON revealed no maternal or fetal 
toxicity or teratogenic effects. There are no adequate and well-controlled studies of MIVACRON in pregnant 
women. Because animal studies are not always predictive of human response, and the doses used were 
subparalyzing, MIVACRON should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


Labor and Delivery: The use of MIVACRON during labor, vaginal delivery, or cesarean section has not been 
Studied in humans and it is not known whether MIVACRON administered to the mother has effects on the fetus. 
Doses of 0.08 and 0.20 mg/kg MIVACRON given to female beagles undergoing cesarean section resulted in 
negligible levels of the stereoisomers in MIVACRON in umbilical vessel blood of neonates and no deleterious 
effects on the puppies. 


Nursing Mothers: It is not known whether any of the stereoisomers of mivacurium are excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised following administration of MIVACRON 
to a nursing woman. 


Pediatric Use: MIVACRON has not been studied in children below the age of 2 years (see CLINICAL 
PHARMACOLOGY and DOSAGE AND ADMINISTRATION for clinical experience and recommendations 
for use in children 2 to 12 years of age). 


Geriatric Use: MIVACRON was safely administered during clinical trials to 64 elderly (>65 years) patients, including 
31 patients with significant cardiovascular disease (see General subsection of PRECAUTIONS). The duration 
of neuromuscular block may be slightly longer in elderly patients than in young adult patients (see CLINICAL 
PHARMACOLOGY). 


ADVERSE REACTIONS: 


Observed in Clinical Trials: MIVACRON (a mixture of three stereoisomers) was well tolerated during 
extensive Clinical trials in inpatients and outpatients. Prolonged neuromuscular block, which is an important 
adverse experience associated with neuromuscular blocking agents as a class, was reported as an adverse 
experience in 3 of 2074 patients administered MIVACRON. The most commonly reported adverse experience 
following the administration of MIVACRON was transient, dose-dependent cutaneous flushing about the face, 
neck, and/or chest. Flushing was most frequently noted after the initial dose of MIVACRON and was reported 
in about 20% of adult patients who received the recommended dose of 0.15 mg/kg MIVACRON over 5 to 15 
seconds. When present, flushing typically began within 1 to 2 minutes after the dose of MIVACRON and lasted 
for 3 to 5 minutes. Of 60 patients who experienced flushing after 0.15 mg/kg MIVACRON, one patient also 
experienced mild hypotension that was not treated, and one patient experienced moderate wheezing that was 
successfully treated. 

Overall, hypotension was infrequently reported as an adverse experience in the clinical trials of MIVACRON. 
None of the 397 adults or 63 children who received recommended doses was treated for a decrease in blood 
pressure associated with the administration of MIVACRON. Above the recommended dosage range, 1% to 2% 
of healthy adults given >0.20 mg/kg over 5 to 15 seconds and 2% to 4% of cardiac surgery patients given >0.20 mg/kg 
over 60 seconds were treated for decreases in blood pressure associated with the administration of 
MIVACRON. 

The following adverse experiences were reported in patients administered MIVACRON (all events judged by 
investigators during the clinical trials to have a possible causal relationship): 


Incidence Greater Than 1% - 
Cardiovascular: 


Incidence Less Than 1% - 
Cardiovascular: 


Flushing (15%) 


Hypotension, Tachycardia, Bradycardia, Cardiac Arrhythmia, Phlebitis 


Respiratory: Bronchospasm, Wheezing, Hypoxemia 
Dermatological: Rash, Urticaria, Erythema, Injection Site Reaction 
Nonspecific: Prolonged Drug Effect 

Neurologic: Dizziness 

Musculoskeletal: Muscle Spasms 


OVERDOSAGE: Overdosage with neuromuscular blocking agents may result in neuromuscular block beyond 
the time needed for surgery and anesthesia. The primary treatment is maintenance of a patent airway and controlled 
ventilation until recovery of normal neuromuscular function is assured. Once evidence of recovery from 
neuromuscular block is observed, further recovery may be facilitated by administration of an anticholinesterase 
agent (e.g., neostigmine, edrophonium) in conjunction with an appropriate anticholinergic agent. (see 
Antagonism of Neuromuscular Block). Overdosage may increase the risk of hemodynamic side effects, especially 
decreases in blood pressure. If needed, cardiovascular support may be provided by proper positioning of the 
patient, fluid administration, and/or vasopressor agent administration. 


Antagonism of Neuromuscular Block: 

ANTAGONISTS (SUCH AS NEOSTIGMINE) SHOULD NOT BE ADMINISTERED WHEN COMPLETE 
NEUROMUSCULAR BLOCK IS EVIDENT OR SUSPECTED. THE USE OF A PERIPHERAL NERVE STIMULATOR 
TO EVALUATE RECOVERY AND ANTAGONISM OF NEUROMUSCULAR BLOCK IS RECOMMENDED. 
Administration of 0.030 to 0.064 mg/kg neostigmine or 0.5 mg/kg edrophonium at approximately 10% 
recovery from neuromuscular block (range: 1 to 15) produced 95% recovery of the muscle twitch response and 
a T4/T1 ratio >75% in about 10 minutes. The times from 25% recovery of the muscle twitch response to T4/T1 
ratio >75% following these doses of antagonists averaged about 7 to 9 minutes. In comparison, average times 
for spontaneous recovery from 25% to T4/T1 >75% were 12 to 13 minutes. 

Patients administered antagonists should be evaluated for adequate clinical evidence of antagonism, e.g., 5- 
second head lift and grip strength. Ventilation must be supported until no longer required. 

Antagonism may be delayed in the presence of debilitation, carcinomatosis, and the concomitant use of certain 
broad spectrum antibiotics, or anesthetic agents and other drugs which enhance neuromuscular block or separately 
cause respiratory depression (see Drug Interactions subsection of PRECAUTIONS). Under such circumstances 
the management is the same as that of prolonged neuromuscular block (see OVERDOSAGE). 

DOSAGE AND ADMINISTRATION: MIVACRON SHOULD ONLY BE ADMINISTERED INTRAVENOUSLY. 
The dosage information provided below is intended as a guide only. Doses of MIVACRON should be 
individualized (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). Factors 
that may warrant dosage adjustment include but may not be limited to: the presence of significant kidney, liver, 
or cardiovascular disease, obesity (patients weighing >30% more than ideal body weight for height), asthma, 
reduction in plasma cholinesterase activity, and the presence of inhalational anesthetic agents. The use of a 
peripheral nerve stimulator will permit the most advantageous use of MIVACRON, minimize the possibility of 
overdosage or underdosage, and assist in the evaluation of recovery. 

Adults: 

Initial Doses: 

A dose of 0.15 mg/kg MIVACRON administered over 5 to 15 seconds is recommended for facilitation of tracheal 
intubation for most patients. When administered as a component of a thiopental/opioid/nitrous oxide/oxygen 
induction-intubation technique, 0.15 mg/kg (2 x EDss) MIVACRON produces generally good-to-excellent 


conditions for tracheal intubation in 2.5 minutes. Lower doses of MIVACRON may result in a longer time for 
development of satisfactory intubation conditions. Administration of MIVACRON doses above the recommended 
range (20.20 mg/kg) is associated with the development of transient decreases in blood pressure in some patients 
(see CLINICAL PHARMACOLOGY and ADVERSE REACTIONS). 


In patients with clinically significant cardiovascular disease and in patients with any history suggesting a greater 
sensitivity to the release of histamine or other mediators (e.g., asthma), the dose of MIVACRON should be 0.15 mg/kg 
or less, administered over 60 seconds (see PRECAUTIONS). 


Clinicals. affective neuromuscular block may be expected to last for 15 to 20 minutes (range: 9 to 38) and spontaneous 
recovery may be expected to be 95% complete in 25 to 30 minutes (range: 16 to 41) following 0.15 mg/kg MIVACRON 
administered to patients receiving opioid/nitrous oxide/oxygen anesthesia. Maintenance dosing is generally 
required approximately 15 minutes following an initial dose of 0.15 mg/kg MIVACRON during opioid/nitrous 
oxide/oxygen anesthesia. Maintenance doses of 0.10 mg/kg each provide approximately 15 minutes of 
additional clinically effective block. For shorter or longer durations of action, smaller or larger maintenance doses 
may be administered. 


The neuromuscular blocking action of MIVACRON is potentiated by isoflurane or enflurane anesthesia. The 
recommended initial MIVACRON dose of 0.15 mg/kg may be used to facilitate tracheal intubation prior to the 
administration of these agents; however, if MIVACRON is first administered after establishment of stable-state 
isoflurane or enflurane anesthesia (administered with nitrous oxide/oxygen to achieve 1.25 MAC), the initial 
MIVACRON dose may be reduced by as much as 25%. Greater reductions in the MIVACRON dose may be required 
with higher concentrations of enflurane or isoflurane. With halothane, which has only a minimal potentiating 
effect on MIVACRON, a smaller dosage reduction may be considered. 


Continuous Infusion: Continuous infusion of MIVACRON may be used to maintain neuromuscular block. Upon 
early evidence of spontaneous recovery from an initial dose, an initial infusion rate of 9 to 10 g/kg/min is 
recommended. If continuous infusion is initiated simultaneously with the administration of an initial dose, a lower 
initial infusion rate should be used (e.g., 4 ug/kg/min). In either case, the initial infusion rate should be 
adjusted according to the response to peripheral nerve stimulation and to clinical criteria. On average, an infusion 
rate of 6 to 7 g/kg/min (range: 1 to 15) may be expected to maintain neuromuscular block within the range of 
89% to 99% for extended periods in adults receiving opioid/nitrous oxide/oxygen anesthesia. Reduction of the 
infusion rate by up to 35% to 40% should be considered when MIVACRON is administered during stable-state 
conditions of isoflurane or enflurane anesthesia (administered with nitrous oxide/oxygen to achieve 1.25 MAC). 
Greater reductions in the MIVACRON infusion rate may be required with greater concentrations of enflurane 
or isoflurane. With halothane, smaller reductions in infusion rate may be required. 


Children: 


Initial Doses: Dosage requirements for MIVACRON on a mg/kg basis are higher in children than adults. Onset 
and recovery of neuromuscular block occur more rapidly in children than adults (see CLINICAL PHARMACOLOGY). 
The recommended dose of MIVACRON ‘or facilitating tracheal intubation in children 2 to 12 years of age is 0.20 mg/kg 
administered over 5 to 15 seconds. When administered during stable opioid/nitrous oxide/oxygen anesthesia, 
0.20 mg/kg of MIVACRON produces maximum neuromuscular block in an average of 1.9 minutes (range: 1.3 
to 3.3) and clinically effective block for 10 minutes (range: 6 to 15). Maintenance doses are generally 
required more frequently in children than in adults. Administration of MIVACRON doses above the recommended 
range (>0.20 mg/kg) is associated with transient decreases in MAP in some children (see Hemodynamics subsection 
of CLINICAL PHARMACOLOGY). MIVACRON has not been studied in children below the age of 2 years. 


Continuous Infusion: Children require higher MIVACRON infusion rates than adults. During opioid/nitrous 
oxide/oxygen anesthesia the infusion rate required to maintain 89% to 99% neuromuscular block averages 
14 g/kg/min (range: 5 to 31). The principles for infusion of MIVACRON in adults are also applicable to children 
(see above). 


Infusion Rate Tables: 

For adults and children the amount of infusion solution required per hour depends upon the Clinical 
requirements of the patient, the concentration of MIVACRON in the infusion solution, and the patient's 
weight. The contribution of the infusion solution to the fluid requirements of the patient must be considered. Tables 6 
and 7 provide guidelines for delivery in mL/hr (equivalent to microdrops/min when 60 microdrops = 1 mL) of 
MIVACRON Premixed Infusion (0.5 mg/mL) and of MIVACRON Injection (2 mg/mL). 


Table 6 
Infusion Rates for Maintenance of Neuromuscular Block During 
Opioid/Nitrous Oxide/Oxygen Anesthesia Using MIVACRON Premixed Infusion (0.5 mg/mL) 


Drug Delivery Rate (ug/kg/min) 


Patient 
Weight 
(kg) 


Table 7 
Infusion Rates for Maintenance of Neuromuscular Block During 
Opioid/Nitrous Oxide/Oxygen Anesthesia Using MIVACRON Injection (2 mg/mL) 


Patient Drug Delivery Rate (g/kg/min) 


Weight 
(kg) 


MIVACRON Premixed Infusion in Flexible Plastic Containers: 


The flexible plastic container is fabricated from a specially formulated, nonplasticized, thermoplastic co-polyester 
(CR3). Water can permeate from inside the container into the overwrap but not in amounts sufficient to affect 
the solution significantly. Solutions inside the plastic container also can leach out certain of the chemical components 
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in very small amounts before the expiration period is attained. However, the safety of the plastic has been confirmed 
by tests in animals according to USP biological standards for plastic containers. 


Instructions for Use: 

1. Tear outer wrap at notch and remove solution container. Check for minute leaks by squeezing container firmly. 
lf leaks are found, discard solution as sterility may be impaired. 

2. Close flow control clamp of administration set. 

3. Remove cover from outlet port at bottom of container. 

4. Insert piercing pin of administration set into port with a twisting motion until the pin is firmly seated. 
NOTE: See full directions on administration set carton. 

5. Suspend container from hanger. 

6. Squeeze and release drip chamber to establish proper fluid level in chamber during infusion. 

7. Open flow control clamp to expel air from set. Close clamp. 

8. Attach set to intravenous tubing. 

9. Regulate rate of administration with flow control clamp. 


Caution: Additives should not be introduced into this solution. Do not administer unless solution is clear and 
container is undamaged. MIVACRON Premixed Infusion is intended for single patient use only. The unused 
portion of the solution should be discarded. 


Warning: Do not use flexible plastic container in series connections. 


MIVACRON Injection Compatibility and Admixtures: 
Y-site Administration: MIVACRON Injection may not be compatible with alkaline solutions having a pH greater 
than 8.5 (e.g., barbiturate solutions). 
Studies have shown that MIVACRON Injection is compatible with: 

* 5% Dextrose Injection USP 
0.9% Sodium Chloride Injection USP 
5% Dextrose and 0.9% Sodium Chloride Injection USP 
Lactated Ringer's Injection USP 
5% Dextrose in Lactated Ringer's Injection 
Sufenta® (sufentanil citrate) Injection, diluted as directed 
Alfenta® (alfentanil hydrochloride) Injection, diluted as directed 
Sublimaze® (fentanyl citrate) Injection, diluted as directed 
Versed® (midazolam hydrochloride) Injection, diluted as directed 
Inapsine® (droperidol) Injection, diluted as directed 
Compatibility studies with other parenteral products have not been conducted. 
Dilution Stability: MIVACRON Injection diluted to 0.5 mg mivacurium per mL in 5% Dextrose Injection 
USP, 5% Dextrose and 0.9% Sodium Chloride Injection USP, 0.9% Sodium Chloride Injection USP, Lactated 
Ringer's Injection USP, or 5% Dextrose in Lactated Ringer's Injection is physically and chemically stable when 
stored in PVC (polyvinyl chloride) bags at 5°C to 25°C (41°F to 77°F) for up to 24 hours. Aseptic techniques 
should be used to prepare the diluted product. Admixtures of MIVACRON should be prepared for single patient 
use only and used within 24 hours of preparation. The unused portion of diluted MIVACRON should be 
discarded after each case. 
NOTE: Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container permit. Solutions which are not clear and colorless should not 
be used. 


HOW SUPPLIED: MIVACRON Injection, 2 mg mivacurium in each mL. 

5 mL Single Use Vials. Tray of 10 (NDC 0081-0705-44). 

10 mL Single Use Vials. Tray of 10 (NDC 0081-0705-95). 

MIVACRON Premixed Infusion in 5% Dextrose Injection USP, 0.5 mg mivacurium in each mL. 

50 mL (in a 100 mL unit) Flexible Plastic Containers. (NDC 0081-0709-01). 

STORAGE: Store MIVACRON Injection at room temperature of 15° to 25°C (59° to 77°F). Avoid exposure to 
direct ultraviolet light. DO NOT FREEZE. 


Recommended storage for MIVACRON Premixed Infusion is room temperature (15° to 25°C/59° to 77°F). Avoid 
excessive heat. Avoid exposure to direct ultraviolet light. Protect from freezing. 
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The Role of Continuous Jugular Venous Saturation 
Monitoring During Cardiac Surgery With 


Cardiopulmonary Bypass 


Randall M. Schell, MD, Frank H. Kern, MD, and J. G. Reves, MD 
Division of Cardiac Anesthesiology, Department of Anesthesiology, Duke University Medical Center, Durham, 


North Carolina 


al. (1) demonstrate a practical method of continu- 


È this issue of Anesthesia & Analgesia, Nakajima et 
ously monitoring cerebral oxygenation during car- 


diac surgery. They used an oximetry catheter to, 


monitor the blood oxygen saturation in the jugular 
bulb (Sjoz) of 12 patients throughout cardiac surgery 
with cardio lopumonary bypass (systemic flows of 2.0- 
3.0 L-min™'-m~*, a-stat blood gas management, non- 
pulsatile flow, and moderate hypothermia). Of po- 
tential importance is the demonstration of jugular 
venous “desaturation,” which we believe should 
more properly be referred to as “reduced saturation” 
during rewarming. The reduced saturation was in- 
versely and linearly correlated with nasopharyn- 
geal temperature „despite an average systemic flow 
>2.5 L-min™*-m~? and stable hemoglobin level. This 
abrupt decrease in saturation indicates a major alter- 
ation in the balance of cerebral oxygen supply and 
demand. 

This study emphasizes the importance of cerebral 
oxygen balance rather than absolute measurements 
of cerebral blood flow and cerebral metabolic rate for 
oxygen during cardiopulmonary bypass (CPB). It 
identifies the rewarming period following moderate 
hypothermic CPB as a potential period of increased 
neurologic risk. In the paradigm of neurologic injury 
after CPB, the relative importance of incomplete 
global ischemia is unclear. We recently found, using 
intermittent sampling from the jugular venous bulb 
during rewarming on CPB, a 23% incidence of desat- 
uration to an Sjo, = 50% partial pressure of jugular 
venous blood (2). In the patients who did not dem- 
onstrate jugular venous desaturation, cerebral blood 
flow was higher and the cerebral metabolic rate for 
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oxygen was lower. The patients who had desatura- 
tion did not have impairment in postoperative neu- 
ropsychologic test performance compared with those 
patients who did not have desaturation. Our study 
suggests that these levels of reduced saturation as 
well as those reported by Nakajima et al. may be well 
tolerated although additional investigation is re- 
quired to be certain of this. Neither study reached 
critical values of hemoglobin desaturation (vide infra). 

Much recent attention has been focused on cere- 
bral blood flow and cerebral metabolism during hy- 
pothermic CPB, and the new knowledge has been 
recently reviewed (3). Hypothermia reduces the ce- 
rebral metabolic rate for oxygen to a greater extent 
than cerebral blood flow, resulting in luxuriant flow 
during moderate hypothermic CPB (4,5). Luxuriant 
flow means an increase in oxygen supply to the brain. 
As oxygen supply increases, the need for increased 
extraction across the brain diminishes. The measured 
5jO2 would therefore increase with temperature re- 
duction during CPB (4-6). With rewarming, oxygen 
utilization increases while oxygen supply remains 
relatively fixed. Therefore, extraction across the brain 
increases. This is reflected in a reduction of Sjo, in the 
cerebral venous effluent. In the study by Nakajima et 
al., the measured Sjo, during rewarming was less 
than the measured Sjo, just after initiation of CPB. 
This implies a greater imbalance in the supply/ 
demand ratio of the brain with rewarming. We can 
theorize that with rewarming, oxygen demand may 
be dramatically increased at a time of relatively fixed 
delivery. 

On the supply side, hemodilution (reduced oxy- 
gen content) and a fixed pump flow rate may de 
crease oxygen delivery. Cerebral blood flow, al- 
though independent of pump flow rate during 
moderate hypothermic CPB (7,8), may be more de- 
pendent on pump flow rate during rapid rewarming 
and when regional areas of the brain are hyperther- 
mic. The decrease in systemic vascular resistance 
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with rewarming and the administration of systemic 
vasodilators, e.g., nitroprusside or chlorpromazine 
(a-blocker used in the reviewed study), coupled with 
increased whole body metabolism and nonpulsatile 
delivery of flow, may also affect cerebral oxygen 
supply. On the demand side, cerebral oxygen re- 
quirements may be increased secondary to excessive 
rewarming of the brain, e.g., high inflow tempera- 
tures, regional cerebral hyperthermia (9,10), or light- 
ened levels of anesthesia. 

These studies suggest that reduced levels of the 
oxygen supply/demand ratio for the brain exist dur- 
ing rewarming from hypothermic CPB. The pivotal 
question that remains is whether detection of a global 
reduction in hemoglobin saturation measured by 
jugular bulb oxygenation can explain, predict, or 
prevent brain injury. Unfortunately, the critical level 
of Sjo, as a predictor of neurologic injury in mildly 
hypothermic or normothermic patients on CPB is not 
known. There is some information regarding critical 
values in other settings. 

Although studies attempting to define the Sjo, 
thresholds for cerebral dysfunction have been de- 
scribed (11-21), the absolute Sjo, below which brain 
ischemia occurs is unknown. In 1935, measurements 
of jugular venous desaturation during nitrogen 
breathing demonstrated that if the Sjo, fell below 
=33%, patients became confused, and at an Sjo, of 
=26%, lost consciousness (11). Electroencephalo- 
graphic slowing occurred in volunteer patients when 
the partial pressure of jugular venous blood oxygen 
fell belaw ~19 mm Hg (Sjo, < 40%) during nitrogen 
breathing (15). 

Not only the absolute saturation level, but the 
length of time during which the brain is at a reduced 
supply/demand ratio is important. Continuous mon- 
itoring of Sjo, in the lateral sinus of patients under- 
going carotid endarterectomy with local anesthesia 
revealed that transient neurologic dysfunction oc- 
curred when the saturation dropped below 50% for 
extended periods. Neurologic dysfunction, however, 
was not observed when the saturation was main- 
tained above 60% (13). 

The article by Nakajima et al. raises the concern 
that Sjo, desaturation during rewarming from CPB 
may increase the risk of brain injury after CPB. 
Although the preponderance of evidence suggests 
embolic events as the primary mechanism for injury 
during adult CPB (3), specific periods such as re- 
warming are potential high-risk times for neurologic 
injury. Therefore, these periods deserve careful scru- 
tiny, extensive evaluation, and possibly newer man- 
agement strategies that may improve cerebral oxygen 
balance. Therapeutic approaches for Sjo, desatura- 
tion include slower rewarming, increasing cerebral 
blood flow (increasing arterial carbon dioxide ten- 
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sion), decreasing the cerebral metabolic rate for oxy- 
gen (anesthetics), increasing oxygen content (red cell 
transfusion), and increasing perfusion flow rate. 

Although the use of jugular venous oximeter cath- 
eters during cardiac surgery is unlikely to become as 
routine as pulmonary artery mixed venous saturation 
monitoring, continuous monitoring of cerebral oxy- 
gen balance is potentially important and intuitively 
satisfying. Monitoring oxygen balance may detect 
global hypoperfusion and then allow therapeutic 
interventions to prevent it. Unfortunately, it is un- 
likely to detect small areas of cerebral hypoperfusion 
caused by emboli. Newer technologies, e.g., optical 
spectroscopy (22), may allow continuous noninvasive 
monitoring of cerebral oxygen saturation. Clearly, 
further research in this area is needed so the clinician 
can predict whether a patient is at risk for sustaining 
injury from incomplete global cerebral ischemia dur- 
ing CPB. 
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Clinical Evaluation of Cerebral Oxygen Balance During 
Cardiopulmonary Bypass: On-Line Continuous Monitoring 
of Jugular Venous Oxyhemoglobin Saturation 


Toshito Nakajima, MD, Masakazu Kuro, MD, Yukio Hayashi, MD, Katsuyasu Kitaguchi, MD, 


Osamu Uchida, MD, and Osamu Takaki, MD 


Department of Anesthesiology, National Cardiovascular Center, Osaka, Japan 


To prevent brain damage during cardiopulmonary 
bypass (CPB), adequate cerebral perfusion for cere- 
bral oxygen demand should be maintained. We mon- 
itored jugular venous oxyhemoglobin saturation 
(Sjo.), which reflects the overall balance of cerebral 
oxygen supply and demand, continuously in 12 pa- 
tients undergoing cardiac surgery. We examined 
whether this balance is disrupted during CPB, and if 
so, analyzed critical factors that affect this phenome- 
non. At the initiation of CPB, in spite of a significant 
decrease in mean arterial pressure, Sjo, did not 
change, and it was stable during the hypothermic 


serious complications of cardiopulmonary by- 

pass (CPB) (1-5). Although the detailed mech- 
anism of this complication has not been elucidated, 
both embolism, especially microembolism (6), and 
cerebral hypoperfusion (7,8) are involved. Earlier 
reports suggested that intraoperative cerebral isch- 
emia resulted from low perfusion pressure during 
CPB (7,9). On the other hand, cerebral hyperemia has 
recently been shown to increase the risk of cerebral 
microembolism (10). Regardless of the causes, inad- 
equate cerebral perfusion for cerebral metabolic de- 
mand during CPB is incriminated in this complica- 
tion. Therefore, to maintain adequate cerebral 
perfusion during CPB, not just cerebral blood flow 
(CBF), but an appropriate balance of CBF and cerebral 
oxygen consumption (CMRo,) is likely to be impor- 
tant. i 


Jostoperative brain damage is one of the most 


Most cardiopulmonary perfusion is performed at 
moderate hypothermia for both myocardial and cere- 
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period of CPB. On the other hand, a significant 
reduction in 5jo, was observed during the rewarming 
period, and Sjo, had an inverse linear correlation 
with nasopharyngeal temperature. Furthermore, the 
percent decrease of Sjo, was significantly related to 
“rewarming speed” (an average increase in temper- 
ature per minute). Our results indicate that temper- 
ature change during the rewarming period is a critical 
factor affecting the balance of cerebral oxygen supply 
and demand during CPB. 

(Anesth Analg 1992;74:630-5) 


bral protection (11). However, normothermic perfu- 
sion must be performed at both the introduction and 
the termination of CPB, and during these periods 
abrupt changes of CBF, CMRo,, and related variables 
occur, resulting in cerebral oxygen imbalance. There- 
fore, our study, involving continuous monitoring of 
jugular venous oxyhemoglobin saturation (Sjo,) 
which may reflect overall cerebral oxygen balance, 
was designed to evaluate the adequacy of cerebral 
oxygen supply and demand during these periods, 
examine the effect of initial arterial pressure decrease 
at the introduction of CPB, and examine the influence 
of a patient’s temperature change during the rewarm- 
ing period of CPB. 


Methods 


After institutional approval and informed consent 
had been obtained, 12 patients undergoing elective 
cardiac surgery were studied. There were nine men 
and three women, with a mean age of 51 yr (range, 
37-66 yr). Six patients had coronary artery bypass 
grafting, five had valve replacement, and one had 
closure of a ventricular septal defect. No patient with 
cerebrovascular disease or preoperative hypertension 
was included in this study. 
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Figure 1. A typical example of simultaneous recordings of jugular venous oxyhemoglobin saturation (Sjo,), mean arterial blood pressure 


(MAP), and nasopharyngeal temperature (NPT) during cardiopulmonary 


bypass. Note that Sjo, increases with cooling and decreases with 


rewarming. Stage A = within 5 min before initiation of cardiopulmonary bypass (CPB); stage B = within the first minute after initiation 
of CPB; stage C = during stable hypothermic CPB, 5-10 min before conduction of rewarming; stage D = during rewarming period at 34°C 


of NPT; stage E = 15 min after CPB. 


After premedication with scopolamine 0.3-0.5 mg 
IM and morphine 5-10 mg IM, anesthesia was in- 
duced in patients and was maintained with fentanyl 
30-50 pe/kg IV and diazepam 0.25-0.45 mg/kg IV 
before and during CPB. Complete muscular paralysis 
was achieved with pancuronium or vecuronium. The 
trachea of each patient was intubated with a cuffed 
endotracheal tube, and the lungs were ventilated 
with 40%-60% oxygen in air to maintain Paco, within 
normocapnic ranges. No volatile anesthetic was ad- 
ministered. 

Cardiopulmonary bypass was introduced with 
gradually increasing flow, and total flow was estab- 
lished within the first minute. ae CPB, a nonpul- 
satile pump flow of 2.0-3.0 L-min™*-m~? was main- 
tained using a membrane oxygenator (Mera 
Excelung) and an arterial line filter. Moderate hypo- 
thermia (i.e., a nasopharyngeal temperature [NPT] of 
27.1~29.6°C) was induced, and Paco, uncorrected for 
temperature was adjusted to normocapnic levels by 
varying fresh gas flow to the membrane oxygenator 
(a-stat regulation). Rewarming was facilitated by ac- 
tive vasodilation with chlorpromazine hydrochloride 
(5-10 mg). Mean duration of CPB was 120 min (range, 
50-202 min). 

For continuous monitoring of 5jo2, a 4F oximetry 
catheter (OPTICATH, Oximetrix, Mountain View, 


Calif.), which was connected to an oximeter 
(OXIMETRIX 3, Abbott, North Chicago, Ill.), was 
placed in the right jugular bulb by retrograde internal 
jugular vein approach. The oximeter was calibrated in 
the in vitro mode. Arterial pressure, heart rate, 
arterial oxyhemoglobin saturation (Sao,), end-tidal 
CO, concentration, and NPT were also continuously 
monitored: These data were collected and processed 
in a universal monitor-computer interface, and then 
displayed and stored simultaneously every 3 or 5 s in 
a personal computer (NEC PC-9801, Tokyo, Japan) i in 
the operating room (12). 

The parameters stored in the computer were ana- 
lyzed at the following five stages: (A) just before CPB, 
(B) just after initiation of CPB, (C) during stable 
hypothermia (before rewarming), (D) during re- 
warming (at 34°C of NPT), and (E) 15 min after CPB 
(Figure 1). Blood samples were collected at each stage 
and pHa, Pao, Saoz, Paco, and hemoglobin concen- 
tration (Hb) were measured, and arterial oxygen 
content (Cao) was calculated (Cao, = 1.39-Sao,- Hb 
+ 0.003 - Pao). Pump flow during CPB was also 
recorded. The blood gas analysis was performed at 
37°C, and these values were uncorrected for temper- 
ature. 

To examine the relationship of Sjo, to a decrease of 
mean arterial blood pressure (MAP) at the initiation 
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Table 1. Sjo, and Related Variables 


Pre-CPB 

Variable Stage A Stage B 
Sjo, (%) 64.2 + 5.7 64.9 + 5.8 
MAP (mm Hg) 67.9 + 12.2 44.8 + 9,2" 
Paco, (mm Hgy 37.32 2.5 36.8 + 3.1 
NPT CC) 36.1 + 0.6 35.9 + 0.6" 
Hb (g/dL) 12.6 + 1.8 8.5 + 0.9 
Cao, (vol %Y 18.2 + 2.4 13.2 21.4% 
pHa 7.42 + 0.03 7.43 + 0.03 
Q (L:min™?-m7~*) 2.51 + 0.12 
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CPB Post-CPB 
Stage C Stage D Stage E 
74.5 47.1" 57.1 + 7.6%> 71.7 + 6.9 
72.8 + 7.4 66.8 + 11.9 65.0 + 7.0 
35.4 + 3.1 36.7 + 4.1 41.2 + 3.0 
28.2 + 0.6" (347) 35.5 + 0.6%" 
9.0 + 1.1" 9.1 + 1.1" 10.1 + 1.14 
14.1 + 1.5° 14.0 + 1.5 15.1 + 1.6" 
7.42 + 0.05 7.41 + 0.04 7.36 + 0.049" 
2.38 + 0.18 2.56 + 0.20 


SjO2, jugular venous oxyhemogiocbin saturation; MAP, mean arterial blood pressure; Paco), arterial carbon dioxide pressure; NPT, nasopharyngeal 


temperature; Hb, hem 


oglobin concentration; Cao, calculated arterial oxygen content, 1.39-Sao,-Hb + 0.003-Pao2; pHa, arterial pH; Q, pump flow rate; stage 


A = within 5 min before initiation of cardiopulmonary bypass (CPB); stage B = within the first minute after initiation of CPB; stage C = during stable 
hypothermic CPB, 5-10 min before conduction of rewarming; stage D ~ during rewarming period at 34°C of NPT; stage E = 15 min after CPB. 


Values are expressed as mean + sp. 

“P < 0.05, compared with stage A. 

èP < 0.05, compared with stage C. 

“Uncorrected for temperature. 

“At 34°C of NPT, measurement of other variables was nee 


of CPB, the variables between stages A and B were 
compared. To clarify the influence of rewarming on 
SjOz, the values of Sjo, corresponding to each degree 
of temperature during the rewarming period, which 
were stored in the computer, were plotted. We then 
defined “rewarming speed” as an average increase in 
temperature per minute from initiation of rewarming 
to 34°C of NPT, and examined the relationship be- 
tween rewarming speed and percent change of Sjo, 
from stage C to stage D of each patient. In some 
cases, a partial CPB with pulsation was brought after 
NPT 34°C was achieved. Because the factor of pulsa- 
tion was excluded, we selected the temperature of 
34°C NPT. During this period, there were no tempo- 
rary disruptions in flow, and Paco, was maintained 
in narrow ranges by frequent intermittent blood gas 
analyses. 

All values are expressed as mean + standard 
deviation. Comparison of variables between stages 
was assessed using a repeated-measures analysis of 
variance followed by Bonferroni’s modification of 
paired t-test. Simple or multiple linear regression 
analysis was used to define the effect of initiation of 
CPB, a temperature change, and rewarming speed on 
Sjo.. P < 0.05 was considered to be statistically 


significant. 


Results 


A typical example of simultaneous recordings of Sjo, 
MAP, and NPT during CPB is shown in Figure 1. 
Two abrupt changes of Sjo, associated with temper- 
ature changes are observed. One is an increase of Sjo, 
at the introduction of CPB, and the other is a decrease 
of Sjo, during rewarming. 


g0 pee 80 
P a6 70% 
E o 
E Q 
a. uw 
Š 50 60 

36 50 

before after before after 


initiation of CPB initiation of CPB 
Figure 2. The changes of mean arterial blood pressure (MAP) and 
jugular venous oxyhemoglobin saturation (Sjo) between before 
and after initiation of cardiopulmonary bypass (CPB). Mean arte- 
rial blood pressure after initiation of CPB was 30-40 mm Hg in six 
patients (half the cases). (Values are mean + sp.) 


The average values of Sjo,, MAP, Paco, NPT, Hb, 
Cao,, pHa, and pump flow at the five stages are 
shown in Table 1. Paco., Hb, Cao,, and pHa did not 
change significantly during CPB, and MAP and 
pump flow rate were similar between stages C and D. 
As shown in Figure 2, MAP decreased significantly at 
the initiation of CPB, but Sjo, did not change. There 
was no significant relationship (r = 0.07, P = 0.85) 
between Sjo, change and initial decrease of MAP. At 
the initiation. of CPB, NPT, Hb, and Cao, also mark- 
edly decreased (Table 1), but a linear correlation of 
Sjo, change to a decrease of Hb (r = 0.04, P = 0.92) or 
NPT (r = 0.04, P = 0.91) did not exist. 

Figure 3 shows an inverse linear correlation of Sjo, 
to NPT during the rewarming period. The mean 
value of Sjo, was 74.5% during the hypothermic 
period (28.2°C of NPT, stage C), and it decreased to 
57.1% after rewarming to NPT 34°C (stage D) (Table 


ANESTH AN 
1992;74:630-5 


{n=B1} 
y= -3.0ix+157.5 
r =0.89 


P<0.005 


SJOz (%) 





26 28 - 30 32 34 36 38 
NPT(C) 

Figure 3. An inverse relationship between jugular venous oxyhe- 

mogiobin saturation (Sjoz) and nasopharyngeal temperature (NPT) 

during the rewarming period. An average decrease of Sjo, per 

degree of temperature was about 3%. 


% DECREASE OF SJO2 
(at 34°C NPT) 


y =111x-3.3 
r=0.88 
P<0.005 
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Figure 4. A significant relationship between rewarming speed and 
percent decrease of jugular venous oxyhemoglobin saturation 
(Sjo.). “Rewarming speed” was defined as an average increase in 
temperature per minute from initiation of rewarming to 34°C of 
nasopharyngeal temperature. Percent decrease of Sjo, = (Sjo 
before conduction of rewarming — Sjo, at 34°C NPT/Sjo, before 
conduction of rewarming) - 100 (%). 


1). Furthermore, rewarming speed was closely re- 
lated to percent decrease of Sjo, from stage C to D 
(Figure 4). There was no significant relationship be- 
tween Sjo, decrease and changes of other variables, 
including Paco, (r = 0.29, P = 0.25). 


Discussion 


Our study is the first to describe the continuous 
monitoring of Sjo, during CPB. In earlier studies, 
direct measurement of CBF was often performed 
during stable hypothermic or normothermic CPB to 
investigate cerebral autoregulation, Paco, response, 
or flow-metabolism coupling (13-18). However, the 
introduction and the rewarming periods of CPB are 
so short that it is methodologically difficult to deter- 
mine the value exactly. Furthermore, the CBF may 
not be constant because it depends on the changes of 
related physiologic variables, such as temperature, 
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during these periods. We have estimated the ade- 
quacy of cerebral perfusion for metabolic oxygen 
demand during these periods with continuous mon- 
itoring of Sjop. Sjo, reflects the overall balance of 
cerebral oxygen supply and demand according to the 
following formula: 


Sjo, = Sad, — CMRo/CDRo,, 


where Sao, is arterial oxyhemoglobin saturation, 
CMRo, represents cerebral metabolic rate for oxygen, 
and CDRo, is the cerebral delivery rate for oxygen. 
CDRo, is calculated as CBF - Cao,, and Sao, is about 
1.0 during CPB. Thus, 


Sjo, = 1—CMRO/(CBE - Cao). 


Therefore, S30, is a function of both CBF and CMRo,, 
and continous monitoring of Sjo, using on-line 
oximetry provides real-time information conceming 
adequacy of cerebral perfusion. 

To our knowledge, there are no examples from the 
literature where Sjo, was measured by a three- 
wavelength catheter oximeter (Oximetrix system) in 
the prebypass, hypothermic, and normothermic CPB 
phases. However, clinical studies comparing three- 
wavelength in vivo (reflectance spectrophotometry) 
with in vitro (transmission spectrophotometry) val- 
ues have reported excellent correlation: r = 0.92-0.99 
(19-22), verifying the accuracy of the three- 
wavelength system. Some reports show no loss of 
accuracy wich time or changes in body temperature, 
hemoglobin level, and other physiologic factors 
(19,21,22). The normal Sjo, in the literature is 54%- 
75% (23), which was probably measured by in vitro 
cooximeter. Our values for the prebypass are compa- 
rable to normal values, although our patients are 
affected by anesthetics, fentanyl or diazepam, and 
artificial ver-tilation. Croughwell et al. (24) made Sjo, 
measurements on a cooximeter during CPB. In the 
control group, the hypothermic and the normother- 
mic values were 73.2% and 61.7%, respectively. 
These values were measured with a-stat pH manage- 
ment, fentanyl anesthesia, and moderate hypother- 
mia similar to the present study and almost consis- 
tent with otr values. 

At the initiation of CPB, Sjo, did not decrease 
significantly, despite a significant decrease of MAP, 
indicating adequate balance of cerebral oxygen sup- 
ply to demand. Some investigations suggest that one 
possible mechanism of cerebral complications after 
CPB is cerebral hypoperfusion or ischemia resulting 
from intraoperative systemic hypotension, and the 
onset of CPB has been pointed out as a time of 
particular hazard (7,9,25). In the present study, Sjo, 
was not affected by systemic hypotension to a MAP 
of 45 mm Hg (Table 1, Figure 2). Although more 
severe hypotension might affect the Sjo, value, our 
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data demonstrate that the balance of cerebral oxygen 
supply and demand is well maintained at the initia- 
tion of CPB in the range of MAP we studied. 

Hemodilution at the initiation of CPB reduced 
Cao, to 73% of the pre-CPB value, but Sjo, did not 
change. When the preceding formula is applied to 
this condition, the ratio of CMRo, to CBF should 
decrease. Although a significant but small decrease of 
NPT (mean value of 0.2°C) should have minimal 
effect on CMRo,, a lower temperature priming solu- 
tion (28-32°C) would induce topical brain cooling and 
a decrease in CMRo,, resulting in a reduction of the 
ratio of CMRo, to CBF. In addition, recent studies 
suggest that normothermic nonpulsatile perfusion 
per se reduces CMRo, (26,27). On the other hand, 
hemodilution has been known to be a potent factor 
for increasing CBF (28,29). Although it is not clear 
whether CBF increases in this transient period, the 
ratio of CMRo, to CBF would decrease at the initia- 
tion of CPB. 

Flow-metabolism coupling has been reported to be 
maintained with a-stat management during hypo- 
thermic CPB (14,24). Another report (27), however, 
suggested that nonpulsatile CPB at normothermia 
disrupted the metabolic flow regulation. In addition, 
metabolic autoregulation has been shown to be im- 
paired during profound hypothermia (30). We used 
a-stat management similar to that used in these 
reports and demonstrated a significant decrease of 
Sjo, during the rewarming period. The detailed 
mechanism involved in the reduction of Sjo, is un- 
known. It has been reported that increases in CMRo, 
and CBF during the rewarming period are correlated 
with a rise in the temperature based on intermittent 
measurements (13,14,31). However, it is unclear 
which variable, CMRo, or CBF, is affected more 
significantly by the rise in temperature during the 
rewarming period. Our results showing that Sjo, 
decreases during the rewarming period indicate that 
an increase in cerebral oxygen consumption associ- 
ated with the rise in temperature temporally exceeds 
an increase in its supply. These findings are similar to 
those of Croughwell et al. (24), who found that 
diabetic patients increased oxygen extraction at nor- 
mothermic perfusion when CBF did not increase with 
the increased CMRo, associated with temperature. 
More recently, they have documented significant 
jugular venous desaturation (Sjo, < 50%) during 
normothermic CPB in 31 (23%) of 133 patients (32) 
and suggested that the desaturation would be a result 
of inadequate CBF in proportion to CMRo,. Further- 
more, our data showing that the faster the rewarming 
speed, the larger the decrease of Sjo, (Figure 4) 
suggests that a rapid rewarming would significantly 
delay the control of flow-metabolism coupling. We 
have also shown the possibility that relative hypo- 
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perfusion for cerebral oxygen demand occurs when 
perfusion pressure is normal and is not associated 
with systemic hypotension. 

In our study, pump speeds were different for each 
patient during the rewarming period. Because tissues 
such as the nasopharynx and the esophagus are 
highly perfused and accessible, their temperature 
almost corresponds to the arterial blood temperature. 
Therefore, the rate of rise of NPT would be largely 
determined by the rewarming rate of the pump. Our 
finding that it is significantly correlated with Sjo, 
decrease suggests that a slower rate of rewarming 
could be advocated. 

After introduction of CPB, Sjo, was relatively high 
(Figure 1), indicating cerebral hyperperfusion for 
oxygen demand. Thus, this monitoring could also be 
used to detect cerebral luxury perfusion, which was 
postulated to increase the proportion of microemboli 
reaching the cerebral circulation (10,14,17). Gener- 
ally, however, it cannot be used to detect regional 
conditions of cerebral circulation and metabolism. 
This limitation would be clinically important, and 
more sensitive monitoring techniques would be re- 
quired. 

Finally, in the current study, patients with cere- 
brovascular disease or hypertension were excluded, 
and no gross neurologic deficit was observed in any 
patient. Further studies have to be carried out to 
clarify the relationship between our findings and 
postoperative neuropsychologic deficits attributed to 
CPB. 

In conclusion, the continuous monitoring of Sjo» 
during CPB provides useful, real-time information 
about overall cerebral balance. Our findings that a 
decrease in Sjo, observed during the rewarming 
period is related to the rewarming speed indicate that 
temperature change during the rewarming period is a 
critical factor for the balance of cerebral oxygen sup- 
ply and demand. In clinical practice, because many of 
the determinants of cerebral perfusion can be exter- 
nally controlled during CPB, this monitoring might 
also be used as a criterion for management of re- 
warming speed, Paco,, perfusion pressure and flow 
rate, and anesthetic depth. 
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Cerebral Pressure-Flow Velocity Relationship During 
Hypothermic Cardiopulmonary Bypass in Neonates 


and Infants 
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Bruno Bissonnette, MD, FRCPC 


Departments of Anaesthesia and Paediatrics (Cardiology) and The Research Institute, The Hospital for Sick Children, 


and the University of Toronto, Toronto, Ontario, Canada 


To examine the effect of temperature on the relation- 
ship between cerebral perfusion pressure (CPP) and 
cerebral blood flow velocity (CBFV) and the effect of 
low-flow cardiopulmonary bypass (CPB) on cerebral 
perfusion, we studied 25 neonates and infants rang- 
ing from 3 to 210 days of age at three nasopharyngeal 
temperature (NPT) ranges during cardiopulmonary 
bypass. Pressure-flow velocity relationships were 
studied during normothermic (NPT = 36-37°C), 
moderate hypothermic (NPT = 23-25°C), and pro- 
found hypothermic (NPT = 14-20°C) CPB. A trans- 
cranial Doppler monitor was used to obtain CBFV, 
which was measured in the Mi segment of the 
middle cerebral artery. The CBFV was used as an 
index of cerebral perfusion. Anterior fontanel pres- 
sure (AFP) was subtracted from mean arterial pres- 
sure (MAP) to calculate CPP in mm Hg. Nasopharyn- 
geal temperature, Paco,, and hematocrit were 
controlled during the study period. Arterial blood 
gases were analyzed at 37°C, uncorrected for body 
temperature (alpha-stat acid-base management). The 


flow cardiopulmonary bypass (low-flow CPB) 

has been suggested as being superior to pro- 
found hypothermic circulatory arrest (PHCA) in pre- 
venting neurologic damage during the repair of 
complex congenital cardiac defects (1,2). However, 
recent studies question the adequacy of cerebral 
protection using profound hypothermia with low- 
flow CPB (3,4). Although some studies have demon- 
strated that it can maintain intracellular pH, CO, and 
O, tensions, and adenosine triphosphate levels, indi- 


Pira hypothermia with continuous low- 


Presented in part at the Annual Meeting of the American 
Society af Anesthesiologists, October 1990, Las Vegas, Nevada. 

Accepted for publication January 17, 1992. 

Address correspondence to Dr. Burrows, Department of An- 
aesthesia, The Hospital for Sick Children, 555 University Avenue, 
Toronto, Ontario, Canada M5G 1X8. 


636 Anesth Analg 1992;74:636-42 


CBFV measurements were made over a range of CPP 
from 6 to 90 mm Hg. Using nonlinear regression 
analysis, we showed that cerebral pressure-flow ve- 
locity autoregulation was present during normo- 
thermic CPB (r? = 0.68). Autoregulation became 
pressure-passive, using linear regression analysis, 
during moderate hypothermic CPB (r* = 0.33) and 
profound hypothermic CPB (r? = 0.69). Cerebral 
blood-flow velocity was not detectable at a mean 
(+sp) CPP of 9 (+2) mm Hg induced by the low-flow 
CBP state but became apparent when CPP was in- 
creased to 13 (+1) mm Hg (P < 0.05). We conclude 
that cerebral autoregulation is present during normo- 
thermic CPB but becomes altered during moderate 
and becomes absent during profound hypothermic 
CPB. Cerebral perfusion seems to depend on a critical 
vascular opening pressure and may be limited or 
absent during extremes of low-flow CPB when CPP is 
low. 

(Anesth Analg 1992;74:636-42) 


cating adequate protection (3), others have demon- 
strated a rise in the serum level of creatine kinase 
brain isoenzyme, implying cerebral injury (4). These 
conflicting results may be attributable to variations 
in cerebral perfusion secondary to variations in the 
cerebral perfusion pressure (CPP). Cerebral autoreg- 
ulation is impaired or lost at nasopharyngeal temper- 
atures (NPTs) less than 20°C (5,6). Cerebral blood 
flow will then be pressure-passive, and decreases in 
CPP will result in reductions in perfusion. Our hy- 
pothesis was that during low-flow CPB, when the 
mean arterial pressure (MAP) and subsequently CPP 
both fall, cerebral perfusion is limited or absent. 

To investigate the effects of low-flow CPB on 
cerebral perfusion, we used transcranial Doppler 
sonography, a noninvasive monitor of cerebral blood- 
flow velocity (CBFV), as an indicator of perfusion 
during repair of congenital heart defects requiring 
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moderate or profound hypothermia and low-flow 
CPB (7): 


Methods 


With the approval of the hospital’s Human Subject 
Review Committee, 25 patients (15 male) less than 9 mo 
of age were studied after admission to The Hospital for 
Sick Children, Toronto, Ontario, for surgical repair of 
congenital cardiac defects requiring low-flow CPB. 

Anesthesia was induced and maintained with 50- 
100 g/kg intravenous fentanyl, and neuromuscular 
blockade was achieved with 0.15 mg/kg pancuronium 
given intravenously. After nasotracheal intubation, 
the lungs were ventilated with intermittent positive 
pressure with an air/oxygen mixture (F10, of 0.7-1.0). 
Supplemental doses of fentanyl and pancuronium 
were administered as necessary. An arterial catheter 
was inserted for continuous measurement of sys- 
temic arterial pressure and for intermittent blood 
sampling. A central venous catheter was inserted 
percutaneously into the superior vena cava through 
the external or internal jugular vein to measure the 
central venous pressure (CVP). Rectal, esophageal, 
and nasopharyngeal temperatures were monitored. 
No cerebral vasoactive agents were administered. 

Intracranial pressure (ICP) was estimated by a cali- 
brated Ladd intracranial pressure monitor (Ladd Re- 
search Industries, Burlington, Vt.), which measured 
anterior fontanel pressure. After induction of anesthe- 
sia, hair over the anterior fontanel was shaved and 
tincture of benzoin was applied to the scalp. A cali- 
brated Ladd transducer was placed over the fontanel 
and secured with a 3 x 3-cm piece of adhesive foam 
(3M Canada, North York, Ontario). Excessive applica- 
tion pressure was avoided, and a positive response to 
jugular compression was documented in each instance. 
Anterior fontanel pressure was continuously recorded 
on a single-channel recorder. 

Cerebral blood flow velocity was measured nonin- 
vasively by transcranial Doppler sonography using 
the Transpect TCD (Medasonics, Fremont, Calif.). 
The transducer probe was placed over the temporal 
window to display the M1 segment of the middle 
cerebral artery flow. To ensure a reproducible win- 
dow, this was accompanied in every case by some 
anterior cerebral flow (Al segment), seen as retro- 
grade flow. A range-gated, pulsed-wave Doppler 
probe (area = 1.5 cm*) with a frequency of 2 MHz, 
emitting power of 100 mW, resolution of 3 cm/s, and 
depth of 2.5-3.5 cm was used. The frequency spec- 
trum of Doppler signals, displayed on a frequency 
analyzer in real time, was transformed by fast Fourier 
analysis to measure peak velocity. Measurements of 
CBFV were taken after at least 1 min of steady blood 
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pressure. Ne measurements were made after a period 
of hypothermic circulatory arrest. 

After anticoagulation with 300 IU/kg heparin, non- 
pulsatile CPB was established with a standard roller 
pump (Cobe Canada, Scarborough, Ontario) and a 
0.8- or 1.6-m* Capiox hollow fiber membrane oxygen- 
ator (Terumo, Tokyo, Japan). The CPB circuit was 
primed with packed red blood cells, 5% albumin, and 
Plasmalyte (Travenol, Mississauga, Ontario) solution 
plus 1 g/kg mannitol to maintain a hematocrit of 
25%-30% during CPB. Normal CPB flows were cal- 
culated as 2.4-3.2 L-:min '-m~*. Patients were cooled 
at a nasopharyngeal rate of 1-3°C/min. Cardioplegia 
consisted of modified Roe’s solution, with 20 mEq/L 
of sodium bicarbonate solution, given in an initial 
dose of 300 mL/m* body surface area, and then in 
150-mL/m* doses at approximately 30-min intervals. 

The arterial blood gases were analyzed using 
alpha-stat methods of acid-base management that 
consisted of analyzing the blood at 37°C, uncorrected 
for body temperature. Arterial CO, tension was 
maintained between 30 and 40 mm Hg, and pH 
between 7.35 and 7.45. Arterial blood gas determina- 
tions were performed using a Nova Stat Profile 5 
blood-gas analyzer (Nova Biomedical, Waltham, 
Mass.). During CPB, arterial acid-base status was 
continuously monitored with a CDI 300 monitoring 
system (Cardiovascular Devices, Irvine, Calif.). 

Throughout the study, anterior frontanel pressure 
(AFP), MAP, CVP, CBFV, and nasopharyngeal, 
esophageal, and rectal temperatures were measured 
and recorded continuously. Arterial blood gas and 
hematocrit analysis was performed, and the results 
were recorded every 15 min. When a patient’s NPT 
reached the appropriate value, the temperature was 
held constant at that level for the duration of the 
study. 

Studies ef CBFV were performed during normoth- 
ermic (NPT = 36-37°C), moderate hypothermic (NPT 
= 23-25°C), and profound hypothermic (NPT = 
14-20°C) CPB. To determine the relationship between 
CBFV and CPP (calculated as MAP—AFP), the pump 
flow was increased or decreased according to the 
surgical requirements to modify MAP and subse- 
quently CPP. In patients whose CPP was reduced 
sufficiently by the requirement for extreme low-flow 
CPB, and whose CBFV became undetectable, the 
flow was increased to raise MAP and CPP until CBFV 
was again detectable. We attempted to correlate 
pump flow with both CPP and the disappearance of 
CBFV. 

All patients underwent routine preoperative and 
postoperative clinical neurologic evaluation. Neuro- 
logic status was assessed by examination of cranial 
nerves, motor and sensory systems, and cerebellar 
function. 
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The CPP was calculated as the difference between 
the MAP and the AFP or CVP, whichever of the latter 
was greater. Cerebral blood flow velocity was plotted 
against CPP. The line of best fit, using a linear or 
nonlinear regression model where appropriate, was 
determined and the coefficient of determination (r°) 
was calculated. Student’s paired t-test was used to 
compare the CPPs at which CBFV became nondetect- 
able with those at which it became detectable again. 
The CPPs at which CBFV became nondetectable and 
the corresponding pump flow were analyzed by 
linear regression analysis, and the coefficient of de- 
termination (7°) was calculated. . 

otatistical significance was accepted as P < 0.05. Data 
are expressed as mean + standard deviation (sp). 


Results 


Twenty-five neonates and infants 65 + 62 days of age 
were studied (Table 1). Low-flow CPB was used with 
minimum nasopharyngeal, esophageal, and rectal 
temperatures of 16.4 + 2.2°C, 11.2 + 2.7°C, and 17.7 
+ 1.9°C, respectively. Cerebral blood-flow velocity 
measurements were recorded over a range of CPP 
from 6 to 80 mm Hg during normothermic, moderate 
hypothermic, and profound hypothermic CPB. The 
Paco, (36.6 + 4.4 mm Hg) and hematocrit (26% + 
2%) levels were held stable during the study period 
(see Table 1). A third-order polynomial function 
showed that cerebral pressure-flow velocity autoreg- 
ulation was intact during normothermic CPB (Figure 
1) (7? = 0.68). However, cerebral pressure-flow veloc- 
ity autoregulation became pressure-passive during 
moderate hypothermic CPB (Figure 2) (r* = 0.33) and 
profound hypothermic CPB (Figure 3) (° = 0.69). 

In nine patients CBFV was not detectable during 
profound hypothermia, when the CPP fell to 9 + 
2mm Hg (Table 2). The lowest CPP at which CBFV 
became nondetectable was 7 mm Hg. Immediately 
before its disappearance, the CBFV was 8.9 + 2.3 cm/s 
(Table 2). Flow velocity became apparent in the middle 
cerebral artery at a CBFV of 10.1 + 2.5 cm/s (P < 0.05) 
when the CPP was increased to 13 + 1 mm Hg (P < 
0.05). Pump flow was reduced to 23% + 14% of normal 
and did not correlate with the CPP at which the CBFV 
became nondetectable (r* = 0.07, NS). 

All patients survived their operations, and none 
showed evidence of neurologic changes from their 
preoperative assessmenis. 


Discussion 


The findings of this study demonstrate that cerebral 
pressure-flow velocity autoregulation is preserved in 
infants and children during normothermic CPB, be- 
gins to be altered at NPTs less than 25°C, and is lost 
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Table 1. Demographic Data of the Twenty-Five 
Patients Studied 


Age Weight Paco,* Hematocrit“ 

Diagnosis (days) (kg) (mmHg) (%) Sex 
HLHS 3 3.03 33.9 26 M 
VSD 28 3.43 34.7 27 M 
TAPVD 19 2.23 34.7 27 M 
TAPYD 87 4.18 42.7 26 F 
TAPVD 9 3.3 34.1 27 F 
VSD 57 3.3 29.5 25 F 
TGA 112 5.62 46.0 25 M 
AVSD 210 5.4 28.4 27 F 
AVSD 189 3.79 32.4 25 M 
VSD 133 5.05 38.7 26 M 
TOF 166 3.95 35.4 23 F 
AVSD 59 3.43 37 27 M 
TGA 8 4.1 35 27 M 
DORY 31 2.3 39.2 26 M 
DORV 124 4.8 41 31 M 
TRUNCUS 34 2.8 32 26 F 
TGA 82 4.73 36 28 M 
AVSD 118 5.0 39 24 M 
DORV 43 4.3 38 24 F 
TGA 12 4.5 36 M 
TRUNCUS 74 3.68 34.7 24 F 
TGA 13 2:92 37 29 M 
TGA 7 3.65 37.2 28 F 
TGA 4 4.4 36.0 25 F 
TGA 11 4.7 33.5 27 M 
Mean 65 3.94 36.5 26 

(+sD)} (+62) (+0.91) (+4.4) (+2) 


Paco;, arterial pressure of CO2; HLHS, hypoplastic left heart syndrome; 
VSD, ventricular septal defect; TAPVD, total anomalous pulmonary venous 
drainage; TGA, transposition of the great arteries; AVSD, atrioventricular 
septal defect; TOF, tetralogy of Fallot; DORV, double-outlet right ventricle; 
TRUNCUS, truncus arteriosus. 

“Value immediately before institution of low-flow cardiopulmonary 
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Figure 1. Plot of the relationship of cerebral blood flow velocity 
and cerebral perfusion pressure during normothermic (nasopha- 
ryngeal temperature = 36-37°C) cardiopulmonary bypass. The 
curve of best fit follows a third-order polynomial function (7? = 
0.68). 


at temperatures less than 20°C. Previous studies have 
shown that autoregulation is intact at temperatures 
between 25 and 32°C (5,8) and lost between 18 and 
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Figure 2. Plot of the relationship of cerebral blood flow velocity 
and cerebral perfusion pressure during moderate hypothermic 
OP na temperature = 23-25°C) cardiopulmonary bypass 
(r* = 0.33). 
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Figure 3. Plot of the relationship of cerebral blood flow velocity 
and cerebral perfusion pressure during profound hypothermic 
ea gSa temperature = 14~-20°C) cardiopulmonary bypass 
(r = 0.69). 


22°C (5). This earlier work, in conjunction with our 
present study, indicates that cerebral autoregulation 
is lost at NPTs between 23 and 25°C. Our study 
differs from the previous studies in two respects. 
First, our study calculated CPP, which represents the 
driving pressure of blood through the brain more 
accurately than the MAP. Second, the use of trans- 
cranial Doppler measurement of CBFV enabled con- 
tinuous, real-time recordings rather than isolated, 
limited measurements. During low-flow states, radio- 
labeled microspheres are subject to increased trap- 
ping and will overestimate flow (9). In conjunction 
with continuous monitoring of MAP, AFP, and CVP, 
the use of the transcranial Doppler monitor allowed 
close monitoring of the CBFV-to-CPP relationship 
and enabled us to estimate the CPP at which CBFV 
was no longer detectable. 

Although the cause of the loss of cerebral autoreg- 
ulation during hypothermia is unknown, at least two 
mechanisms have been proposed. First, it has been 
suggested that the loss of autoregulation during 
hypothermia might be due to low CPPs out of the 
range of cerebral autoregulation (5,8). Animal studies 
support this contention by demonstrating cerebral 
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autoregulaticn at high CPPs during moderate and 
profound hypothermia (8,10). Furthermore, it has 
been demonstrated in adult humans that responsive- 
ness to carbon dioxide at low temperatures is pre- 
served (11). Second, it has been suggested that the 
cerebral arterioles may become vasoparetic at an NPT 
less than 20°C and their pressure-flow responsive- 
ness lost. The results of the present study are consis- 
tent with the second suggestion and with the work of 
Greeley et al. (5), who were unable to demonstrate 
autoregulation during profound hypothermia. For 
our results to be compatible with the first suggestion, 
that we may be demonstrating responses out of the 
range of cerebral] autoregulation, we must assume the 
position of the autoregulation curve is altered during 
hypothermia. Figure 1 shows the lower limit of 
autoregulation to occur at a CPP of 40 mm Hg during 
normothermia, whereas Figures 2 and 3 show auto- 
regulation was not apparent at CPPs higher than 
40 mm Hg during moderate and profound hypother- 
mia. 

A principal finding of our study is the significant 
decrease in CPP and CBFV that occurs during ex- 
tremes of low-flow CPB. Jonas and Hickey (12) have 
suggested that CBFV can be detected with reductions 
in pump flow to 25% of normal flow; however, their 
report did not examine the CPP, which is the critical 
determinant in cerebral perfusion. In nine of our 
patients we observed an immediate loss of detectable 
CBFV in the middle cerebral artery when CPP de- 
creased to 9 + 2mm Hg. This finding suggests that a 
critical closing pressure may exist in the cerebral 
vasculature, and that a low CPP, induced by extreme 
low-flow CPB, may be insufficient for flow in major 
cerebral arteries. In the remainder of the patients 
studied, the CPP did not decrease to these low levels. 
Pump flow rates in our patients were reduced to 
either acceptable conditions for the surgeon or a level 
where CBFY was no longer detectable, at which time 
the rate was increased to elevate MAP and CPP until 
CBFV could be discerned. Although CBFV was de- 
tectable when pump flow was decreased to 25% of 
normal in the majority of our cases, in two patients it 
was not detectable at high rates (28% and 33%). We 
were unable to demonstrate a relationship between 
pump flow rate and the disappearance of detectable 
CBFV, suggesting that CPP, not the rate, is the critical 
factor. This conclusion is supported by other work 
that has demonstrated, at high flow rates, an inde- 
pendence cf the CBF from pump flow rate (13). 

To reestablish detectable CBFV in the nine patients 
referred to earlier, we had to increase the CPP to 
significantly higher levels (13 + 1 mm Hg). When 
reestablished, the CBFV was significantly higher than 
it was immediately before its disappearance. This 
finding suggests that there may be a “critical opening 
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Table 2. Demographic and Hemodynamic Data of the Nine Patients Demonstrating Loss of Cerebral Blood 


Flow Velocity 


Age Weight NPT Pump flow’ 


Diagnosis (days) (kg) (°C) (% of normal) 
VSD 57 3 17.2 27 
TGA 112 5.62 18.9 29 
AVSD 210 5.4 18.5 34 
DORV 31 2.3 16.4 18 
TRUNCUS 34 2.8 17.8 14 
TGA 82 4.73 19.5 25 
DORV 43 4.3 173 26 
TGA 13 2.92 18.2 23 
TGA 4 4.4 12.7 10 
Mean 65 3.9 17.9 23 
(+sp) (+64) (1.2)  (+0.9) (+8) 


Closing CPP’ Closing CBFV® Opening CPP“ Opening CBFV° 
(mm Hg) (cm/s) (mm Hg) (cm/s) 
8 is 14 15 
9 8.3 13 9.6 
12 6 15 6.5 
8 7 11 8.6 
9 9.4 12 10 
10 8 14 9:5 
7 9 12 9.6 
9 12 13 13 
1] 8 15 es. 
g 8.9' 13 10.1 
(+2) (+2.3) (£1) (+2.5) 


VSD, ventricular septal defect; TGA, transposition of the great arteries; AVSD, atrioventricular septal defect; DORV, double-outlet right ventricle; 
TRUNCUS, truncus arteriosus; NPT, nasopharyngeal temperature; CPP, cerebral perfusion pressure; CBFV, cerebral blood flow velocity. 
“Values represent pump flow (% of normal flow) at which CBFV was no longer detectable (normal flow 2.4 L-min~!«m~2). 


"Cerebral perfusion pressure at which CBFV was no longer detectable. 
‘Last detectable CBFV. 


“Cerebral perfusion pressure at which CBFV became detectable after being lost. 


“First detectable CBFV after being lost. 
'P < 0.05 compared with opening values. 


pressure” in the cerebral circulation and is consistent 
with hysteresis loop behavior, characteristic of elastic 
vascular tissues (14-16). 

The occurrence of long-term neuropsychiatric dys- 
function (17), and abnormal cerebral metabolism 
(18,19), cerebral perfusion (5,7), and brain PH (3) 
after PHCA has prompted some centers to use low- 
flow CPB as an alternative to PHCA when possible. 
In theory, low-flow CPB offers the advantage of 
providing an indefinite period of effective cerebral 
perfusion during hypothermia. However, as this is 
true only if cerebral oxygen delivery is adequate, the 
safety of low-flow CPB may be problematic if cerebral 
oxygen delivery is compromised. On the other hand, 
Watanabe et al. (3) reported in a study using a dog 
model that a 60-min period of circulatory arrest was 
followed by an irreversible decrease in brain pH and 
oxygen tension and an increase in brain carbon 
dioxide tension, whereas 120 min of low-flow CPB 
(25 mL-m *-min~') demonstrated recovery in brain 
pH and carbon dioxide tension, suggesting that low- 
flow CPB may offer more cerebral protection than 
PHCA. However, Rossi et al. (4) found that creatine 
kinase brain isoenzyme, a marker of cerebral isch- 
emia, increased equally after both PHCA and low- 
flow CPB, and concluded that there was no benefit to 
low-flow CPB. One possible explanation for the dis- 
crepancies between these two studies is that CPPs 
were lower in the study of Rossi et al. (4), compro- 
mising cerebral perfusion. 

Another important consideration is the relation- 
ship of cerebral perfusion to cerebral metabolic rate 
during hypothermia. The relationship between brain 


temperature and the cerebral metabolic rate for oxy- 
gen is a complex one that involves an interaction 
between temperature effects on the rate of biochem- 
ical reactions and cerebral function (20). It has been 
demonstrated that cerebral perfusion decreases when 
temperature is reduced during CPB (5,7,13). This 
decrease has been reported to occur proportionally 
less than the cerebral metabolic rate, resulting in a 
luxury perfusion state that may provide a margin of 
safety for low-flow states (13,18,21). 

Finally, there are some methodological consider- 
ations that merit comment. Mean arterial blood pres- 
sure alone is a poor indicator of CPP (6), which is 
defined as MAP minus ICP. The use of ICP to 
determine CPP offers advantages over the use of the 
CVP during CPB, as the CVP catheter tip ideally lies 
in the junction of the superior vena cava and the right 
atrium. In this position it will measure a pressure 
much lower that of the ICP and more closely related 
to blood flow back to the pump (22,23). There are 
further advantages to using the ICP to determine the 
CPP during a study such as this. It has previously 
been demonstrated that the ICP may be elevated 
above the level of the CVP after a period of cerebral 
ischemia or hypoxia, but this may not occur after 
periods of low-flow CPB (19,22,23). These previous 
studies did not look at the extreme levels of low-flow 
CPB used in the present study. We did not identify 
any significant elevations of ICP in this present 
study, but as periods of potential ischemia/hypoxia 
were brief, owing to the CBFV monitoring as dis- 
cussed previously (see Methods), any elevations in 
ICP would have been minimal or absent (19). How- 
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ever, because of the potential for differences in the 
ICP and CVP in this study, we believe this is the most 
accurate method to determine CPP. Intracranial pres- 
sure in the infant can be estimated noninvasively, 
using the Ladd intracranial pressure monitor to ob- 
tain a measure of AFP (24) that correlates well with 
ICP in neonates and infants (25). 

In this study the TCD monitor was used to mea- 
sure flow velocity in a single vessel, the middle 
cerebral artery, the largest of the basal cerebral arter- 
ies and the dominant one in regard to flow (70% of 
the ipsilateral hemispheric flow) (26). Transcranial 
Doppler technology allows continuous measurement 
of CBFV in major cranial vessels in a noninvasive 
manner (6,7,12,27). The validity of using CBFV as an 
index of cerebral perfusion depends on the ability of 
CBFV to estimate CBF, and this depends on the 
cross-sectional area of the middle cerebral artery 
remaining constant. This consistency has been dem- 
onstrated in studies that were unable to demonstrate 
any change in the diameter of the middle cerebral 
artery in response to changes in temperature, Pacos, 
MAP, or pump flow rate (28-30). There, however, are 
no published data on the validity of using CBFV 
measurements to estimate CBF during low-flow CPB 
in children, although such data do exist in adults (31). 
Potential problems in the measurement of CBFV are 
errors based on the physics of sound waves and 
Doppler instruments. Among them, the maximum 
error that could be attributed to the change observed 
is related to the angle of insonation and the Doppler 
resolution. Cadaveric studies have shown that the 
angle of insonation from the temporal window and 
the M1 segment of the middle cerebral artery is less 
than 20°. As the Doppler shift is proportional to the 
cosine of this angle, the maximum error generated by 
this variation in the angle is 7%. The interindividual 
variability, as measured by the coefficient of varia- 
tion, was 6%, suggesting that the variability is less 
than the maximum error owing to the angle of 
insonation. Is it possible that the TCD cannot record 
flow velocity at this low range? Doppler resolution is 
determined by the frequency of the transducer (car- 
rier frequency) and the angle of the Doppler beam. 
As discussed above, the angle of insonation was 
minimal and the Transpect TCD high-pass filters are 
active from 100 to 150 Hz. This translates into a 
minimal display velocity of approximately 3-4 cm/s, 
which is below the lowest flow-velocity where the 
middle cerebral artery flow signal abruptly disap- 
peared. 

In summary, this study showed that cerebral flow- 
velocity autoregulation is preserved in infants and 
children during normothermic CPB, begins to be 
altered during moderate hypothermic CPB, and is 
abolished during profound hypothermic CPB. More- 
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over, the presence of a critical opening pressure 
during low-flow CPB raises concerns about cerebral 
ischemia during this mode of perfusion. The lack of 
linearity between CBFV and very low CPP supports 
this concern. This phenomenon, associated with an 
increased understanding of the potential of the brain- 
protective effects of profound hypothermia, may im- 
prove the management of infants undergoing correc- 
tive cardiac procedures. 
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The effects of temperature, halothane concentration, 
and arterial partial pressure of CO, on corticomotor 
evoked potentials (CMEPs) and somatosensory 
evoked potentials (SSEPs) were studied. Hypother- 
mia causes an increase in CMEP and SSEP latencies. 
Corticomotor evoked potential amplitude increases 
with hypothermia to reach a maximum at or below 
28°C. As the temperature decreases from 42°C, SSEP 
amplitude initially increases to reach a maximum 
between 36 and 34°C and then decreases with further 
reductions in temperature. Increased arterial partial 
pressure of CO, decreases amplitude and increases 


been extensively used to assess the function of 

the central nervous system sensory apparatus in 
a variety of experimental and clinical conditions (1-5). 
However, attempts to utilize SSEP to predict motor 
pathway recovery after injury have not met with 
universal success (6,7). Somatosensory evoked 
potentials assess functionality of the sensory path- 
way that is physically distinct from the motor path- 
way. Therefore, it is most useful to utilize a separate, 
more specific test of motor pathway function in 
addition to SSEP. Recently, the techniques for assess- 
ment of the central nervous system motor system 
have been developed. Corticomotor evoked poten- 
tials (CMEPs) can directly assess motor pathway 
function by monitoring potentials evoked in the mus- 
cle from transcortical stimulation (8-11). Indeed, 


y peen extensiv evoked potentials (SSEPs) have 
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latencies of the CMEPs and SSEPs. The concentration 
of halothane has no effect on CMEP amplitude or 
latency. However, SSEP amplitude is inversely re- 
lated to halothane concentration, and SSEP latency is 
directly related to halothane concentration. These 
results suggest that physiologic variables must be 
carefully measured when evoked potentials are uti- 
lized in any animal or human study. Moreover, each 
type of evoked potential has a unique response to 
alterations of these variables. 

(Anesth Analg 1992;74:643-8) 


Zentner (12) has been able to correlate intraoperative 
loss of potential to postoperative neurologic motor 
complications. 

The effect of temperature on SSEPs is unclear. A 
linear increase in SSEP latency with decreasing tem- 
peratures was found in rats (13) and humans (14,15). 
In several studies (13,15,16), the amplitude was re- 
ported as variable with a tendency to decrease with 
decreasing temperature. Recent studies by Markand 
et al. (17) found some components increased in 
amplitude whereas others decreased in amplitude 
with decreasing temperature. 

Few studies have addressed the effect of hypercap- 
nia on evoked potentials. Mild hypercapnia was 
shown to restore suppressed SSEP amplitudes to 
near normal after middle cerebral artery occlusion in 
dogs (18). However, no studies have been conducted 
on normal animals. 

Halothane decreases near and far field SSEP am- 
plitudes (19-21). Latencies were increased in cat and 
human SSEP with high halothane doses (20,21). 
However, halothane has no effect on CMEP ampli- 
tude or latency (22), whereas N,O and isoflurane 
were shown to drastically reduce the amplitude of 
CMEP in humans and rats (23-25). 

No previous studies of CMEP have assessed the 
effect of temperature or arterial partial pressure of 
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CO, (Pco,). In addition, the effect of the anesthetic is 
still unclear. This study was therefore designed to 
examine the effect of temperature, halothane concen- 
tration, and Pco, on SSEP and CMEP in cats. 


Methods 


Corticomotor evoked potentials and SSEPs were mea- 
sured in 17 male cats. Ketamine HCI (20 mg/kg) was 
given as a sedative. Anesthesia was induced with 3% 
halothane in 100% O, administered by face mask. 
The trachea was then intubated and the tracheal tube 
was attached to a small animal respirator. Anesthesia 
was maintained with 1.15% halothane unless other- 
wise noted. 

Using aseptic technique, venous and arterial fem- 
oral catheters were inserted. The arterial line was 
attached through a pressure transducer to a monitor 
(model 78532B; Hewlett Packard, Atlanta, Ga.). Arte- 
rial blood pressure, heart rate, respiration rate and 
volume, as well as temperature were recorded at each 
evoked potential recording. Arterial blood gases were 
monitored. 

Evoked potentials were recorded using an evoked 
potential monitor (model 7400; Cadwell, Kennewick, 
Wash.) as previously described (11). Percutaneous 
needle electrodes were placed along the radial nerve 
for SSEP stimulation. Somatosensory evoked poten- 
tials were recorded from electrodes placed percuta- 
neously 2 cm posterior to the supraorbital ridge, 
8 mm from midline using the ear as reference. Stim- 
ulation for CMEP was transcranial from electrodes 
placed in the hard palate and placed percutaneously 
3 cm posterior to the supraorbital ridge, 8 mm from 
midline. Recording electrodes were placed into the 
brachioradialis muscle mass of the distal forelimb, 
3 cm from the humeroradial joint, with footpad as 
reference. Somatosensory evoked potential stimula- 
tion consisted of 5-mA pulses of 100-ys duration. 
Corticomotor evoked potential stimulation consisted 
of 25-39-mA pulses of 1-ms duration. Stimulation 
was at a frequency of 1.3 stimuli per second and the 
signal was filtered from 10 to 500 Hz. Each signal 
represents the average of 25 epochs, each 50 ms in 
duration. To assess the central versus peripheral 
effect of hypothermia, motor response to peripheral 
nerve stimulation was measured in several animals 
using 5-mA pulses of 100-us duration. However, 
changes in motor response to peripheral nerve stim- 
ulation did not correspond to changes in CMEP or 
SSEP. 

Temperature was measured via a temperature 
probe placed rectally. Each animal that was used for 
temperature studies was first cooled to 28°C using 
plastic-coated ice blocks, then warmed to 42°C with a 
heating blanket. The rate of temperature change was 
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approximately 1°C every 10 min. Nasopharyngeal 
temperatures were measured in several animals and 
corresponded precisely with rectally measured tem- 
peratures at this rate of temperature change. Cortico- 
motor evoked potentials were recorded in 12 animals 
and SSEPs were recorded in five of those animals. 
Three averages of 25 signals each were recorded at 
intervals of 2°C. 

In separate experiments, halothane concentration 
or arterial Peco} was systematically altered. The effect 
of anesthesia was assessed at 0.5%, 0.7%, 1.15%, 
1.25%, 1.5%, 1.8%, and 2.2% halothane (dial concen- 
tration) in seven animals. Arterial Peco, was kept at 
33.0 + 2.5 mm Hg. Blood pressure was monitored in 
all animals. No hypotension occurred in any animal. 
In nine animals that had been used for temperature 
or halothane studies, Pco, was altered by adjustment 
of the respirator to achieve Pco, values of 20, 32, 70, 
or 120 mm Hg. At least 20 min elapsed between 
changes of CO, or halothane.concentrations to allow 
for equilibration. Arterial partial pressure of O, (Po) 
was kept at =100 mm Hg. 

A repeated measures analysis of variance was used 
to test the trends in the effect of temperature, Pco,, 
and halothane concentration on CMEP and SSEP 
amplitude and latency. 

This study was approved by Veterans Affairs Med- 
ical Center and Baylor College of Medicine animal 
investigation committees and was conducted in ac- 
cordance with institutional and National Institutes of 
Health guidelines. 


Results 


Figure 1 shows a series of CMEPs from a repre- 
sentative animal during cooling and rewarming. As 
the body temperature decreased to 28°C, there was a 
large increase in the amplitude of CMEP (Figure 2). 
Although the magnitude of the effect differed in 
individual animals, all animals demonstrated an in- 
crease in amplitude (P < 0.001). Figure 3 shows a 
series of SSEPs from a representative animal during 
cooling and rewarming. As the temperature de- 
creased to 34°C, there was a significant increase in 
amplitude of SSEPs. However, further decreases in 
temperature decreased the SSEP amplitude, yielding 
a quasiparabolic pattern (Figure 4). Latency of CMEP 
and SSEP waves increased significantly as tempera- 
ture decreased to 28°C (Table 1). 

The effect of Pco, on CMEP was to decrease 
amplitude (Figure 5A) and increase latency (Table 1). 
Although these changes required high concentrations 
of Pco,, they are each statistically significant, except 
for N1 latency, which showed the same trend but did 
not reach significance. The effect of Pco, on SSEP was 
similar (Figure 5B, Table 1) and also significant, 
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Figure 1. Corticomotor evoked potential changes during cooling 
(A) and rewarming (B) of a representative animal. The body 
temperature associated with each CMEP is shown at the right. 
Note that below 30°C, CMEPs were recorded at a different gain. 
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Figure 2. Corticomotor evoked potential P1-N1 peak-to-peak am- 
plitudes as a function of cooling to 28°C, followed by warming to 
42°C. Each point represents mean + sp of 12 animals. 


although the amplitude reached a maximum at about 
32 mm Hg. 

The concentration of halothane had no effect on 
CMEP amplitude (Figure 6A) or latency (Table 1). In 
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Figure 3. Somatosensory evoked potential changes during cooling 
(A) and rewarming (B) of a representative animal. The body 
temperature associated with each SSEP is shown at the right. 
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Figure 4. Somatosensory evoked potential peak-to-peak ampli- 
tudes as a function of temperature. Each animal was tested at 38°C, 
with subsequent cooling to 28°C, followed by warming to 42°C. 
Each point represents mean + sp of five animals. 


contrast, SSEP amplitude significantly decreased 
(Figure 6B) and latency significantly increased with 
increasing halothane concentration (Table 1). 


Discussion 


Hypothermia alters evoked potentials in a number of 
different evoked potential systems and experimental 
paradigms. Local and systemic cooling consistently 
prolongs latencies. Studies of SSEP in hypothermia 
suggest that SSEP latency increases linearly with 
decreases in temperature (13-15). Consistent with 
these reports, we found hypothermia increases both 
SSEP and CMEP latencies in a linear fashion. 
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Table 1. Effect of Temperature, Halothane Concentration, and Arterial CO, Tension on Latency 
SSEP 
Condition P1 N1 Pi Ni P2 
Temperature (°C)? 
28 5.5 = 0.6 9.8 + 1.6 14.8 + 0.2 21.6 + 0.6 37.8 + 4.1 
30 5.1 + 0.5 9541.5 13.8 + 0.8 20.0 + 0.9 34.6 + 2.8 
32 49+ 0.4 8.3 + 1.1 12.2 + 14 18.8 + 1.5 32.5 + 1.9 
34 4.6 + 0.4 7.9 + 1.0 12.0 + 0.6 17.3 + 1.0 31.2 + 3.1 
36 4.3 + 0.4 7.5 + 0.8 11.1 + 0.3 15.7 + 0.4 30.2 + 1.5 
38 4,.2+0.3 7.2 + 0.7 10.1 + 0.3 14.8 + 0.3 26.9 + 1.9 
40 3.9 +03 6.9 + 0.8 9.7+ 0.1 13.8 + 0.4 26.5 + 2.6 
42 3.7 + 0.4 6.7 + 0.9 9.3 + 0.0 12.8 + 0.7 24.3 + 3.7 
P < 0.05 P < 0.05 P < 0.05 P < 0.05 P < 0.05 
Halothane (%) (n = 7) 
0.58 4.1 +0.] 6.7 + 0.8 9.9 + 0.2 14.1 + 0.8 25.9 + 1.6 
0.75 4.3 + 0.4 6.8 + 0.6 10.0 + 0.3 14.1 + 0.8 26.6 + 1.9 
1.15 422+ 06.1 6.8 + 0.5 10.1 + 0.3 14.3 + 0.8 27.7 + 2.9 
1.25 4.2 + 0.1 6.7 + 0.5 10.2 + 0.4 14.4 + 0.9 27.9 + 3.1 
1.50 4.2 + 0.1 6.8 + 0.4 10.8 + 0.5 15.5 + 0.9 27.7 + 3.2 
1.80 4.2 + 0.1 6.9 + 0.5 11.1 + 0.5 16.2 + 1.1 29.5 + 3.2 
2.20 4.1 +0.2 6.7 + 0.6 11.7 + 0.7 16.9 + 1.6 30.0 + 4.3 
P < 0.05 P < 0.05 P < 0.05 
Pco, (mm Hg) 
18-22 4.0 + 0.1. 7.2 £0.7 10.2 + 0.5 14.6 + 0.7 27.4 + 2.2 (n = 9) 
30-35 4.1+0.2 6.4+0.8 9.9 + 0.8 14.4 + 0.7 25.7 + 2.1 (n = 9) 
68-75 4.2 + 0.3 6.4+ 0.2 10.8 + 0.7 14.4 + 0.6 28.8 + 1.8 (n = 5) 
>100 46+0.2 7.42 0.4 11.4 + 0.7 19.3 + 1.8 39.1 + 6.7 (n = 5) 
P< 0.06 P< 0.05 P< 0.05 P< 0.05 
Pco3, arterial CO, tension; CMEP, corticomotor evoked potential; SSEP, somatosensory evoked potential. 
in = 12 for CMEP; n = 5 for SSEP. 
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Figure 5. (A) Corticomotor evoked potential amplitude (P1-N1) change as a function of arterial Pco,. Mean amplitude was 24 uV at 
18-22 mm Hg. (B) Somatosensory evoked potential peak-to-peak amplitude change as a function of arterial Pco,. Mean amplitude was 
5.3 uV (P1-N1) and 6.4 uV (N1-P2) at 18-22 mm Hg. Each point represents mean + sp. For Pco, = 18-22 and 32-35, n = 9. For Peo) = 
55-65 and 110-130, n = 5. 


Reports on the effect of cooling on waveform and the surface component and peripheral nerve ampli- 
amplitude in SSEP are variable. Budnick et al. (13) tudes increase while depth recordings decrease. Oth- 
noted that the increase in amplitude was complex as ers consider it “variable” (14) or dependent on which 
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Figure 6. (A) Corticomotor evoked potential peak-to-peak (P1-N1) amplitude as a function of inspired halothane concentration. 
(B) Somatosensory evoked potential peak-to-peak amplitudes as a function of inspired halothane concentration. Each point represents 


mean + sp of seven animals. 


peak is measured (17). One study even noted that 
two distinct peaks developed where there had been a 
single waveform (16). Our results suggest that one 
can see all of these effects. Although all cats tested 
exhibited an inverse relationship between tempera- 
ture and P1-N1 amplitude, there is a large interanimal 
variation in maximum amplitude and temperature at 
maximum. Markand (17) described a hysteresis effect 
with cooling and rewarming in which one does not 
see equal amplitude at equivalent temperatures. Al- 
though the mechanism of this is unclear, our results 
are consistent with this report. Additionally, later 
components of the CMEP were not consistently af- 
fected by temperature, as seen by Markand (17). 
However, the discrepancy between SSEP and CMEP 
maxima is quite consistent. Our maximum at 35°C for 
SSEP is near those reported by others (13,14,26). No 
one has previously reported CMEP as a function of 
temperature. Although our data do not reveal the 
exact maximum for CMEP, as we did not measure 
CMEP below 28°C, our maximum at =28°C for CMEP 
is consistent with those seen in brainstem evoked 
potentials. Brainstem evoked potentials measured 
during deep hypothermia used for cardiac surgery 
have a maximum at 28-32°C (27,28). Below that 
temperature, all evoked potentials and electroen- 
cephalograms decrease until they disappear at 20- 
23°C (14). 

The mechanism for increased amplitude during 
hypothermia is poorly understood. Lundberg (29) 
found that cooling of peripheral nerves resulted in an 
increase of the amplitude of the action potential. 
Suda et al. (26) found that a prolonged signal dura- 
tion accounted for an increased amplitude in cat 


cortical, cerebellar, and spinal cord SSEP upon cool- 
ing. They ascribed the prolonged duration to a 
greater desynchronization of multiple elements and a 
decrease in accommodation. Hubbard et al. (30) 
noted that increases in miniature end-plate potentials 
from rat phrenic nerve were maximum at 20°C owing 
to an increase in quantal content accompanied by a 
similar maximum of the probability of release of 
quanta. These phenomena were due to a tempera- 
ture-dependent amount of bound intracellular Ca** 
and to the rate of Ca** removal from the sites. 
Anderson et al. (31) found that in spite of a greatly 
increased amplitude, transmission through the cat 
cuneate nucleus was always reduced with hypother- 
mia. They noted an amplitude increase that was due 
to a protracted release of transmitter quanta with 
subsequent overlap of individual potentials that gave 
a larger total height of summed potentials. 

We found that hypercapnia depressed evoked po- 
tential amplitude and prolonged latency. This is in 
agreement with other studies (18) of hypercapnic 
effects on SSEP. Our results were significant only 
when Pco, concentrations were above those seen in 
the operating room. However, the lungs of small 
animals in experimental settings are often not venti- 
lated. This may result in very high Pco, levels and 
therefore could affect the interpretation of experimen- 
tal data. 

In other studies, the effect of halothane on SSEP is 
to decrease amplitude and prolong latency (19,21). 
Our results are very similar. However, CMEP 
showed no effect of halothane on either amplitude or 
latency. This is in agreement with the lack of an effect 
of halothane on CMEP in humans (22). Although 
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halothane and isoflurane are similar in structure, 
Zeniner et al. (25) and Calancie et al. (24) in humans 
and Haghighi et al. (23) in rats reported a significant 
effect of NO and isoflurane on CMEP. Although this 
difference could be due to differences in anesthetic 
agent, it may rather be due to some technique and/or 
species differences. Nonetheless, we did see changes 
in the SSEP measured in the same animals at the 
same time as CMEP measurements where no concen- 
tration effects were seen. Irrespective of whatever 
may be the source of the difference in these reports, 

the effect of anesthetic agent on evoked potentials has 
yet to be fully elucidated. 

Although our study was limited to cats, these 
results suggest that physiologic parameters (especial- 
ly temperature) should be closely monitored during 
evoked potential measurements. Additionally, the 
effects of these parameters must be determined in 
each species and for each evoked potential modality. 
With increasing interest and dependence on neuro- 
physiologic monitoring in the experimental and clin- 
ical arenas, careful attention must be given to these 
parameters to avoid either erroneous experimental 
results or, in the clinical setting, a potentially devas- 
tating outcome. 
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systemic Mexiletine Relieves Chronic Allodynialike 
Symptoms in Rats With Ischemic Spinal Cord Injury 
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Ulf Lindblom, MD, PhD, and Zsuzsanna Wiesenfeld-Hallin, PhD 


Departments of Clinical Physiology and Geriatric Medicine, Huddinge University Hospital, Huddinge, and Departments 
of Anesthesiology and Neurology, Karolinska Hospital, Stockholm, Sweden 


We have recently reported a chronic allodynialike 
symptom in rats after ischemic spinal cord injury. 
This pain-related behavior is resistant to a number of 
pharmacologic treatments, including morphine, 
clonidine, carbamazepine, baclofen, and muscimol. 
In the present report, we present evidence indicating 
that systemic mexiletine, a local anesthetic and anti- 


hronic pain syndrome, which frequently oc- 

curs after spinal cord injury, is a severe form 

of central pain whose treatment remains a 
major clinical problem (1). We have recently devel- 
oped an animal pain model that mimics some clinical 
features of the painful syndrome present in patients 
with spinal injuries (2). After an ischemic spinal cord 
lesion was induced photochemically. at midthoracic 
level (2,3), severe allodynialike symptoms developed 
in a subpopulation of rats. These symptoms were 
expressed as an extremely painful reaction to innoc- 
uous mechanical pressure administered to a distinct 
skin area near the level of the spinal lesion (2). 
Self-mutilation (autotomy) of the hindpaw also devel- 
oped in some of these rats, which may indicate the 
presence of phantom pain or dysesthesias. Histologic 
examination revealed that in most of these rats the 
spinal injury was incomplete. The allodynialike 
symptom could not be relieved by systemic mor- 
phine, clonidine, carbamazepine, baclofen, musci- 
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arrhythmic agent, effectively relieves the allodynia- 
like symptoms at doses of 15 and 30 mg/kg in these 
rats without tnducing major side effects. It is sug- 
gested that systemically applied mexiletine may be 
useful in treating central pain in patients with spinal 
cord injury. 

(Anesth Analg 1992;74:649-52) 


mol, or guanethidine at doses below those that pro- 
duced severe side effects. In contrast, systemically 
applied tocainide, a local anesthetic, produced a 
transient, but dramatic, relief of the allodynia at a 
dose of 75 mg/kg. However, at a slightly higher dose 
(100 mg/kg), signs of toxicity were noted (2). 

The use ož tocainide as an analgesic against chronic 
pain is limited by its various hematologic side effects, 
particularly agranulocytosis. The present study was 
designed to test the efficacy of mexiletine, another 
local anesthetic with chemical structure and pharma- 
cologic properties that are similar to lidocaine (4), on 
the allodynialike symptoms in rats with chronic spi- 
nal injury induced by ischemia (2,3). 


Methods 


The subjects of the present study were 200-g female 
Sprague-Dawley rats (ALAB, Stockholm, Sweden) 
that had undergone photochemically induced isch- 
emic spinal cord lesion and in which chronic allody- 
nialike symptoms had developed. All experiments 
were approved by the local ethics committee. The 
method for inducing photochemical spinal cord le- 
sion has been described in detail previously (2,3). 
Briefly, the rats were anesthetized with chloral hy- 
drate (Sigma, 300 mg/kg, IP) and one jugular vein 
was cannulated. After a midline incision had been 
made in the skin on the back, vertebrae T-8 to T-12 
were expos2d. The animals were then positioned 
beneath a tunable argon ion laser (Innova, model 70, 
Coherent Laser Products Division) and irradiated 
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with a knife-edge beam, which was used to cover the 
single T-10 vertebra, at an average power of 0.16 W 
for 10 min. Immediately before the irradiation, Eryth- 
rosin B (Red No. 3, Aldrich-Chemie) was injected 
intravenously in 0.9% saline at a dose of 32.5 mg/kg. 
As Erythrosin B is rapidly metabolized, the injection 
was repeated at 5-min intervals during irradiation at 
the same dose to maintain this concentration. 

A set of calibrated von Frey hairs was used to test 
cutaneous pain threshold in response to graded me- 
chanical pressure ranging from 0.021 to 410 g. Each 
rat was held during testing by one experimenter, and 
the von Frey hair was pushed onto the skin by 
another experimenter until the filament became bent. 
Care was taken not to sensitize cutaneous receptors 
by successively testing different parts of the body. 
Although the animals showed several reactions to the 
stimuli, only pressure that induced consistent vocal- 
ization over a relatively large skin area was consid- 
ered as pain threshold. 

The animals were inspected daily during the first 
14 days after irradiation, at about 34-day intervals 
for another 1.5 mo, and sporadically thereafter. The 
rats examined in the present study were irradiated 
6-12 mo before the administration of mexiletine and 
were allodynic for at least 4 mo. 

Mexiletine (Mexitil, Ciba) was diluted in saline and 
injected intraperitoneally in a volume of 0.5 mL. The 
allodynia was tested at 5, 10, 20, 30, 45, 60, and 
120 min thereafter. The motor performance of the 
animals was also tested with a series of motor tests, 
which included testing of locomotion in the open 
field, the inclined plane, and the righting reflex. The 
motor test was performed at the time when the drug 
produced maximal effect on allodynia. 

Data are expressed as mean + SEM and were 
statistically analyzed with Kurskal-Wallis one-way 
analysis of variance and Mann-Whitney U-test. 


Results 


Normal rats showed painful reactions (vocalization) 
to cutaneous pressure applied with von Frey hairs on 
the rostral trunk area with thresholds between 73 and 
95 g. In contrast, there was a dramatic decrease in 
vocalization threshold to such mechanical stimulation 
in 44% of the rats after ischemic spinal cord lesions. 
The onset of the symptoms varied among the ani- 
mals, with an average of about 25 days after laser 
irradiation. The rats reacted extremely strongly to 
light pressure applied to a distinct skin area around 
the level of the spinal lesion (Figure 1). In the major- 
ity of rats, the symptoms lasted for months without 
signs of regression. 

A total of 11 rats with clear allodynialike reaction to 
mechanical stimuli were injected intraperitoneally 
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Figure 1. Illustration of a typical allodynic area in a rat with 
lowered vocalization threshold to mechanical pressure applied 
with von Frey hairs. This rat was irradiated for 10 min 10 mo 
previously. The allodynic area was found on the right flank. The 
vocalization threshold in the dotted area was 0.6 g. The skin caudal 
to the allodynic area was hypoalgesic, and in the areas rostral to 
the allodynia normal response to pressure was observed with 
threshold at 73-95 g. 


Table 1. Effects of Systemic Mexiletine on the 
Allodynialike Behaviors in Chronic Spinally Injured Rats 


Vocalization threshold (g) 


Time 7.5 mg/kg 15 mg/kg 30 mg/kg 
(min) (n = 5) (n = 6) (n = 5) 
0 1.0 + 0.3 L220 10 +03 

5 1.0 + 0.3 sik ss aS 90.7 + 79.9 

10 10= G3 34.3 + 16.4° 284.0 Æ 77.1" 

20 100.3 47.8 = 15.1" 284.0 + 77.1° 

30 LO 40,3 ae = 15,5" 284.0 + 77.1° 

45 19.0 + 15.1 284.0 + 77.1° 

60 3.3 = 2.0 221.0 > 77.1" 

120 1220.3 135.7 + 69.5% 


The vocalization threshold is the pressure produced by von Frey hairs 
that evoked vocalization of the rats in a body area at the level of the spinal 
lesion. The data at time 0 represent the vocalization threshold before 
mexiletine injection. The number of rats examined in each group is indicated 
in parentheses. Data are expressed as mean + sEM. Kruskal-Wallis one-way 
analysis of variance revealed that the two higher doses of mexiletine 
produced overall significant effects on the allodynia (H = 22.32 and 19.97, 
respectively; P < 0.01). The Mann-Whitney U-test was used to compare 
vocalization threshold at various time points with the control value. 

‘P = 0.001, 


with three doses of mexiletine (7.5, 15, and 
30 mg/kg). Some rats received the lowest and highest 
doses of mexiletine with at least 48 h between injec- 
tions. The middle dose of mexiletine was injected into 
a separate group of rats. The average vocalization 
threshold in these rats before drug injection was 1.1 
+ 0.3 g (n = 11). Mexiletine at 7.5 mg/kg did not 
produce any effect on the allodynia (Table 1), 
whereas 15 mg/kg of mexiletine significantly elevated 
the vocalization threshold in these rats for 30-60 min 
(Table 1). No signs of motor impairment were noted 
at this dose. A dose of 30 mg/kg of mexiletine 
produced much stronger and longer lasting analgesia 
(Table 1). In fact, the vocalization threshold was 
higher than normal after this dose of mexiletine. 
However, two of five rats tested at this dose showed 
signs of sedation, expressed as reduced locomotor 
activity and slowed righting reflex. No other side 
effects were noted and the vocalization threshold 
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returned to the predrug level about 4 h after drug 
administration. 


Discussion 


Systemic injection of local anesthetics has been re- 
ported to have analgesic effects in a number of 
conditions of neuropathic pain, such as trigeminal 
neuralgia, diabetic neuropathy, and adiposis dolo- 
rosa (5-8). Our previous and present studies showed 
that tocainide and mexiletine produced an analgesic 
effect on allodynic symptoms after spinal cord lesion, 
indicating that this may also be the case for neuro- 
pathic central pain. The effect of mexiletine is appar- 
ently analgesic, as at a dose of 15 mg/kg no signs of 
motor impairment were noted, indicating that this 
dose of mexiletine was not sedative. However, at a 
higher dose (30 mg/kg), motor impairment developed 
in 40% of rats after mexiletine. The present results 


agree with a recent clinical report in which mexiletine. 


was found to relieve central pain after stroke (9). In 
that study, however, mexiletine was only effective 
after chronic treatment for 2-3 wk, whereas in the 
present study, acute injection of mexiletine produced 
a clear, although short-lasting, effect. This may be 
due to the fact that in human studies low doses of the 
drug are likely to be used to avoid side effects, and 
therefore a longer time may be needed to build up 
effective blood concentrations of the drug. Further- 
more, as at lower doses the effect of mexiletine is 
rather short-lasting, indicating a rapid inactivation of 
the drug, chronic treatment may be required to 
produce clinically relevant analgesia. However, a 
higher rate of metabolism in rats may also account for 
the shorter duration of action than in humans. 

The mechanisms underlying the analgesic effect of 
systemic local anesthetics are unclear. Local anesthe- 
sia is unlikely to contribute to the observed effects, as 
it has been shown that systemic lidocaine and tocain- 
ide, at doses that produced experimental antinoci- 
ception and blockade of synaptic transmission of 
C-fiber input in the spinal cord, did not affect periph- 
eral nerve conduction (10-12). Previous experimental 
studies have shown a predominant inhibitory effect 
of intravenous tocainide and lidocaine on C-fiber 
input, with less inhibition of A-fiber input, to the 
spinal cord as studied with spinal reflex excitability 
(12). We recently confirmed this finding with record- 
ings from single cells in the dorsal horn in rats. 
However, although the inhibitory effect on C-fiber 
input by systemic local anesthetics may underlie the 
clinical analgesic effect of these drugs associated with 
conditions where increased C-fiber input plays a role, 
it cannot explain the effects of these drugs on allody- 
nia, where the painful sensation is probably evoked 
by Af-fiber input (13,14, and our unpublished obser- 
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vations). Furthermore, the reported effect of intrave- 
nous local anesthetics on spontaneous nerve fiber 
activity arising from a neuroma after sciatic nerve 
section (15) cannot account for the analgesic effect of 
mexiletine observed in the present study, as with our 
model of central pain the allodynia is produced 
without the existence of a neuroma. We have ob- 
served in our studies of the effects of tocainide on 
single wide dynamic range cells in the dorsal horn of 
normal and allodynic rats that although this drug 
depressed C-fiber input more than A-fiber input, it 
did reduce the discharges of allodynic cells to normal 
levels. This may underlie the relief of allodynia in 
intact animals. However, further experimental stud- 
ies are needed before one can fully understand the 
mechanisms behind the analgesic effect of systemic 
local anesthetics on chronic neuropathic and central 
pain. In this context, examining the effects of these 
drugs on spinal nociceptive mechanisms under 
pathophysiologically painful conditions may prove to 
be a critical step. 

The rat model of chronic allodynia after spinal cord 
ischemia has several advantages over conventional 
antinociceptive tests when testing the efficacy of 
analgesic agents in animals. First, it provides a model 
in which the effect of analgesic drugs on a painful 
symptom similar to a clinical situation can be tested. 
Second, as the allodynia results from spinal cord 
lesion, it is likely to have pathophysiological mecha- 
nisms similar to those of central pain in humans. 
Therefore, the beneficial effect of drugs on allodynia 
is more clinically relevant. Third, the chronicity of the 
symptoms allows examination of problems associated 
with chronic drug treatment, such as tolerance and 
dependence. 

In conclusion, the present study demonstrates an 
analgesic effect of systemic mexiletine on chronic 
aliodynialike symptoms in spinal cord-injured rats. 
As chronic central pain with central nervous system 
lesions presents a serious problem for pain manage- 
ment, using systemic mexiletine may prove to be a 
useful alternative. 
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The clinical effects of spinally (subarachnoid) admin- 
istered, preservative-free fentanyl were assessed in 
120 healthy women who underwent cesarean section 
with spinal anesthesia using 0.5% hyperbaric bupiv- 
acaine. Subjects were divided at random into four 
groups (n = 30) the first of which received 2 mL of 
saline containing no fentanyl (group 0); the second, 
0.25 ug/kg (group 25); the third, 0.5 Keke (group 50); 
and the fourth, 0.75 ug/kg (group 75) of fentanyl ina 
blinded manner. Surgical anesthesia was excellent in 
100% of treated patients and in 87% of group 0. 
Respiratory rate decreased significantly in groups 50 
and 75 and was recorded as early as 4 min after the 
administration of the drug. Nevertheless, respiratory 
depression did not develop in any patient, and 
40 min later all groups had a similar respiratory rate. 
Regression of anesthesia to the T-12 dermatome took 
a longer time as the dose of fentanyl increased, but all 


to provide postoperative analgesia. Single bolus 

injection techniques are useful only when postop- 
erative pain is of short duration such as in obstetrics. 

Morphine, a lipophobic opioid agonist, when ad- 
ministered via the subarachnoid route, provides 
longer lasting analgesia than fentanyl (1,2). Lipo- 
philic opioids (e.g., fentanyl) have a very fast onset 
compared with lipophobic opioids (e.g., morphine), 
and when administered together with a local anes- 
thetic, many of their clinical actions can happen 
during the intraoperative period (3-4). 

This study evaluates the intraoperative and post- 
operative effects of three doses, calculated on a 
weight basis, of spinally (subarachnoid) adminis- 
tered, preservative-free fentanyl. The purpose of this 
study was to determine whether single doses of 
subarachnoid fentanyl provide analgesia, of good 


[ie pence administered opioids are often used 
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patients had recovered by 240 min after the injection. 
Effective postoperative analgesia lasted longer and 
significantly increased with the dose of fentanyl ad- 
ministered: group 0, 197 + 77 min; group 25, 305 + 
89 min; group 50, 640 + 142 min; and group 75, 787 + 
161 min (data expressed as mean + sp; P < 0.001 
between groups). Neonatal status was the same in all 
groups. Sedation and pruritus were the main side 
effects. The combination of bupivacaine and a low 
dose of fentanyl (0.25 ug/kg) provides excellent sur- 
gical anesthesia with short-lasting postoperative an- 
algesia and very few negative side effects. As the 
dose of fentanyl increases to 0.5 or 0.75 pg/kg, 
postoperative pain relief lasts longer, but respiratory 
changes occur and the incidence of adverse effects 
also increases. 
(Anesth Analg 1992;74:653-7) 


quality and long duration in a dose-dependent man- 
ner in cesarean section patients. As the clinical ac- 
tions of lipophilic opioid have a very fast onset, the 
influence of fentanyl on the characteristics of the 
anesthesia provided by the local anesthetic bupiv- 
acaine were also assessed. 


Methods 


One hundred twenty patients scheduled for elective 
cesarean delivery were studied. The Ethics Commit- 
tee of our hospital approved the protocol, and in- 
formed written consent was obtained from each pa- 
tient. 

Patients were divided at random into four groups 
of 30 each. In the operating room, they received 
1000 mL of lactated Ringer’s solution before the 
administration of spinal anesthesia in the sitting 
position. After free flow of cerebrospinal fluid was 
established, 3 mL (15 mg) of 0.5% hyperbaric bupiv- 
acaine was injected and immediately followed with 
2 mL of a solution containing either 0 (group 0), 


0.25 pg/kg (group 25), 0.5 yug/kg (group 50), or 
0.75 pg/kg (group 75) of preservative-free fentanyl. 
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The patients were gently placed in the supine posi- 
tion with left uterine displacement. All injections 
were given by the investigator, who was blinded to 
the actual solution used. 

Arterial blood pressure, heart rate, and respiratory 
rate (RR) were measured every 2 min until delivery 
and at 5-min intervals until the end of the surgery. 
The level of analgesia to pinprick was evaluated every 
5, 10, 15, 30, and 60 min after injection of the local 
anesthetic. Surgical anesthesia was graded as “‘excel- 
lent” if there were no complaints from the patient at 
any time of the surgery, “good” if there was minimal 
pain and it was relieved by small doses of intrave- 
nous opioids (1 pg/kg of fentanyl), and “poor” if 
larger doses of opioids and/or general anesthesia had 
to be administered. 

The level of consciousness was designated as 
“awake and nervous,” “awake and calm,” “sleepy 
and easily arousable,’’ and “sleepy and difficult to 
arouse.” Side effects, mainly nausea, vomiting, pru- 
ritus, and dizziness were recorded. Any other drug 
used was noted. 

Neonates were evaluated by Apgar scores at 1 and 
5 min after birth, and samples from their vein and 
artery were taken to measure gas tensions and acid- 
base status. All intraoperative assessments were 
made by the investigator. Neonates were evaluated 
by pediatricians on duty who were unaware of the 
drugs used. 

After surgery, patients were removed to the recov- 
ery room where they remained for 24 h during which 
time arterial blood pressure, heart rate, and RR were 
measured every 15 min for 2 h and then hourly for 
24 h. Respiratory depression was defined as an RR 
less than 10 breaths/min or a Paco, > 50 mm Hg. Two 
samples of arterial blood were taken from each pa- 
tient to measure gas tensions, the first before induc- 
tion of anesthesia (time 0) or 1-2 h after, and the 
second 4, 12, or 24 h after induction. 

Time to regression of analgesia to pinprick below 
the T-12 dermatome was considered the duration of 
the anesthesia provided by the local anesthetic. Du- 
ration of postoperative analgesia was measured as 
the time between the administration of the opioid 
and the first request for a supplemental analgesic. 
The number of doses requested was recorded. Dura- 
tion, intensity, and number of episodes of nausea, 
vomiting, pruritus, and dizziness were assessed, but 
urinary retention could not be evaluated because all 
patients had a urinary catheter in place. Conscious- 
ness was evaluated in the same way as in the oper- 
ating room. All controls were made by the nursing 
staff who were unaware of the study. 

Analysis of data was performed using Student's 
t-test, y°, Mann-Whitney, Kruskall-Wallis, and 
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Table 1. Demographic Data 
Groups (ue/kg of fentanyl) 
0 25 50 75 
Age (yr)? 25 + 5.3 26 + 4.8 23+5.8 27+ 6.1 
Weight (kg)* 76 + 12.5 80+103 8149.2 79+ 8.9 
Height (cm)* 162 + 6 160 + 5 161+6 16447 
ASA I (n) | 23 24, 21 22 
ASA II (n) 7 6 9 8 
Parity 
Primipara (n) 8 10 6 8 
Multipara (n) 22 20 24 22 
“Mean + sp. 
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Figure 1. Respiratory rate decreased very fast after the adminis- 
tration of higher doses of fentanyl (groups 50 and 75). Data are 
expressed as mean + sp for groups 0 and 25 and mean — sp for 
groups 50 and 75. a: P < 0.05, compared to group 0; b: P < 0.01, 
compared to group 0; and c: P < 0.001, compared to group 0. 


Fischer exact tests when appropriate. A P value less 
than 0.05 was considered to be significant. 


Results 


There were no statistical differences among the 
groups in age, weight, height, parity, and physical 
status (Table 1). Heart rate showed little change 
during surgery, and two patients in groups 0 and 50, 
three in group 75, and four in group 25 received 
ephedrine to treat mild hypotension. Respiratory rate 
decreased in groups 50 and 75, and this was recorded 
as early as 4 min after the drug had been adminis- 
tered; nevertheless, it remained above 10 breaths/ 
min. Forty minutes after the injection, values from all 
groups were the same (Figure 1). 

Levels of analgesia to pinprick and time to achieve 
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Table 2. Measured Levels of Anesthesia to Pinprick’ 


Tike eee p g Or e o aa 
(min) 0 25 50 75 
5 54+155 50+122 494133 54+£1.70 
10 4.74139 404119 414103 40+1.33 
15 «43131 3941.20 3.74094 38+ 1.24 
30 424124 404116 3.74094 38+ 1.24 
60 444122 414107 3.8409 3.94114 


“Data are expressed as mean + sp. The means were calculated assuming 
the following values: 1 = C-8; 2 = T-2; 3 = T-3; 4 = T-4;5 = T-5; 6 = T-6; 
7 = T-7; 8 = T-8; 9 = T-9; 10 = T-10. 


Table 3. Quality of Surgical Anesthesia* 


Groups (ueg/kg of fentanyl) 
0 25 50 75 
Excellent 26 30 30 30 
Good 4 0 0 0 
Poor 0 0 0 0 


“Data are expressed as tota] number of patients in each group. 


Table 4. Evaluation of Consciousness During Surgery’ 


Groups (ye/kg of fentanyl) 
0 25> 5CF 75° 
1 2 0 0 0 
2 28 25 19 12 
3 0 5 11 18 
4 0 0 0 0 


"Data are expressed as total number of patients in each group. 1 = awake 
and nervous, 2 = awake and calm, 3 = sleepy and easily arousable, 4 = 
sleepy and difficult to arouse. 

P < 0.05 when compared with group 0. 

“P < 0.01 when compared with group 0. 


them were similar in all groups (Table 2). All patients 
in the treated groups had excellent surgical anesthe- 
sia, whereas four patients in group 0 required a small 
additional intravenous dose of fentanyl. General an- 
esthesia was never used (Table 3). 

Significantly more patients were sleepy and easily 
arousable in the treated groups compared with the 
control group. Two patients in group 0 received 
0.1 mg/kg of midazolam because they felt nervous 
after delivery, and they remained sleepy until the end 
of the surgery (Table 4). The intensity and duration of 


pruritus increased with the dose of fentanyl. Few — 


patients felt nauseous or dizzy (Table 5). 

Neonatal condition was similar in all groups with 
Apgar scores almost always above 7 at 1 min and 
always above 8 at 5 min. Umbilical blood gas tensions 
and acid-base status showed equivalent values in all 
groups (Table 6). In the recovery rocm, heart rate, 
arterial blood pressure, and RR remained normal. 
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Table 5. Side Effects* 


Groups (ug/kg of fentanyl) 
0 25 50 75 
Nausea 2 2 2 3 
Vomiting 1 2 2 1 
Dizziness 4 3 3 6 
Pruritus 0 12 21° 19° 
Respiratory depression 0 0 0 0 


“Data are expressed as number of patients who felt the side effect in each 
group. 
*P < 0.001 when compared with group 0. 


Arterial blood gases showed a slight increase in Paco, 
values, but did not meet our criteria for respiratory 
depression. Furthermore, these values were not sta- 
tistically different from that of the control group 
(Table 7). 

Time to regression of anesthesia below the T-12 
dermatome was longer in the treated groups and 
increased with increasing doses of fentanyl. Still, all 
patients had recovered 240 min after the blockade 
was induced (Table 8). Postoperative analgesia lasted 
longer in the groups that received fentanyl (Figure 2). 
The number of supplemental analgesics requested 
was smaller in the treated groups, although not 
statistically different between group 0 and group 25 
(Table 9). 


Discussion 


Our data demonstrate that when fentanyl is intrathe- 
cally administered, many of its clinical actions occur 
during the intraoperative period. Heart rate and 
arterial blood pressure were not influenced by fenta- 
nyl, but RR was significantly slower in patients who 
received the larger doses. The RR changes increased 
with the dose of fentanyl administered. Although no 
patient developed respiratory depression in our 
study, the slower RR suggests that larger doses 
probably will be associated with respiratory depres- 
sion. Nevertheless, 40 min later all groups had a 
similar RR. If this time-course is always the same 
when subarachnoid fentanyl is used, every case of 
respiratory depression will be in the intraoperative 
period. In the recovery room, RR was always more 
than 12 breaths/min, and although Paco, was higher 
in the treated groups, they never met our criteria for 
respiratory depression. 

The fact that the levels of and time to achieve 
analgesia were not influenced by fentanyl correlates 
with other studies (5,7). We speculate that clinical 
actions of local anesthetics and opioids are additive 
only after some time has elapsed following intrathe- 
cal administration. The pharmacokinetic and dy- 
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Table 6. Neonatal Condition 
l Groups (ug/kg of fentanyl) 
0 25 50 75 
Apgar values 
1 Minute 
=7 1 0 1 1 
28 29 30 29 29 
5 Minutes 
<7 0 0 0 0 
=8 30 30 30 30 
Umbilical blood gas tensions“ 
Vein 
pH 7.31 + 0.01 7.32 + 0.02 7.33 + 0.01 7.31 + 0.02 
BE (mEq/L) —1.8 + 0.4 -1.9 + 0.3 2.0 + 0.5 —1.9 + 0.3 
Po, (mm Hg) 30.5 + 0.7 32.4 + 1.2 29.6 + 0.9 31.3 + 0.8 
Peco, (mm Hg) 45.3 + 2.1 48.7 + 1.6 46.8 + 1.3 44.8 + 1.9 
Artety 
pH 7:23 + 0.02 7.26 + 0.01 7.25 + 0.01 7.22 + 0.02 
BE (mEq/L) —2.6 + 0.6 —2.8 + 0.9 -2.1 + 0.7 -2:2 + 0.9 
Po; (mm Hg) 217 + 1.3 22.4 + 1.5 21.1 + 2.1 20.B + 1.8 
Pco, (mm Hg) 58.5 + 1.9 57.3 + 2.2 56.2 + 2.7 58.8 + 2.0 


BE, base equivalent; Po,, partial pressure of oxygen; Pco,, partial pressure of carbon dioxide. 
“Data are expressed as mean + sp. 


Table 7. Maternal Paco, Values (mm Hg)’ 


Time Groups (ug/kg of fentanyl) : 
(hj 0 25 50 75 p . 
0  329+ìÌ1 33.1+0.9 324412 334+i11 NS - 
1 344414 351413 387418 37.9+12 NS 
2 358416 35642.2 3892426 391+2.0 NS 
4 343419 361428 399419 38.7+23 NS 
12 349422 342421 38+2.2 371419 NS 
240 «35.2419 361416 364412 368413 NS 


Paco, partial arterlal pressure of carbon dioxide; NS, not significant. 
“Data are expressed as mean + sD. 


Table 8. Time to Regression of Anesthesia Below the 
T-12 Dermatome* 


Groups (ug/kg of fentanyl) 
Time (min) . 0 25 50 75 P 
90 0 0 0 0 NS 
120 4 0 0 0 NS 
150 16 5 2 0 0.001 
180 27 17 20 2 0.001 
210 30 29 28 19 0.01 
240 30 30 30 30 NS 
NS, not significant. 


“Data are expressed as total number of patients in each group who had 
recovered at any given time. 


namic interactions between fentanyl and local anes- 
thetics need further study. 

Twenty-six patients in the control group also 
achieved excellent surgical analgesia. This fact sug- 


Figure 2. Duration of nea oe PERR measured 
as time to first narcotic, increased significantly as the dose of 
fentanyl increase. P < 0.001 between groups. Data are expressed as 
mean + SD. 


Table 9. Analgesic Requirement* 


Groups (g/kg of fentanyl) 
0 25 50 75 
2.7 + 0.68 2.4 + 0.57 1.6 + 0.56 1.2 + 0.52 


“Data are expressed as mean + sp number of doses administered. 
Analgesic requirement was significantly less in groups 50 and 75 (P < 0.001). 
All patients received the same analgesic. 


gests that 15 mg of hyperbaric bupivacaine is the 
most effective dose for cesarean section when admin- 
istered alone. It is conceivable that whenever bupiv- 
acaine and fentany] are given together, a smaller dose 
of the local anesthetic may be used. 

Recovery from the anesthetic spinal blockade was 
prolonged as the dose of fentanyl increased. This 
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_ Suggests a synergism between them, as seen with 
other opioids and local anesthetics (7-9). 

Our data show that postoperative analgesia was 
better and longer lastig in the treated groups, with 
duration of analgesia increasing with the dose of 
fentanyl. This also happened with respect to the 
consumption of supplemental analgesics, which de- 
creased as the dose of fentanyl increased. There was 
no statistical difference comparing the number of 
doses of analgesics administered to groups 0 and 25, 
suggesting that a small amount of fentanyl does not 
decréase the postoperative need for analgesics in 
cesarean section patients. Time to first analgesic 
requested was longer in groups that received higher 
doses of fentanyl than that reported with single doses 
of epidural fentanyl (10-12). This suggests that equi- 
analgesic doses of fentanyl are longer lasting when 
administered at the subarachnoid space than at the 
epidural space, as seen with morphine (13,14). Nev- 
ertheless, duration of analgesia was shorter com- 
pared with that produced by lipophobic opioids in 
similar types of surgery (1,2). 

Sedation and pruritus were the main side effects 
recorded both in the operating room and in the 
recovery room, although they were less frequent in 
the postoperative period. The number of patients 
with pruritus who were “sleepy but easily arousable”’ 

icreased with the dose of fentanyl. Sedation can be 
considered an advantageous side effect because it 
allows a calm intraoperative course without the use of 
other sedative drugs that otherwise are frequently 
used after delivery. Furthermore, this sedation does 
not produce profound drowsiness, which is undesir- 
able for these patients. Pruritus was of short duration 
and of low to mild intensity. No treatment was ever 
requested for it. 

In conclusion, fentanyl produces many of its clin- 
ical effects very early after intrathecal administration. 
In the intraoperative period, it enhances surgical 
analgesia, prolongs the duration of the anesthetic 
block, and decreases the RR. It appears to have no 
influence on the clinical condition of neonates. In the 
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postoperative period, fentanyl produces analgesia 
that lasts longer than that of an equianalgesic epidu- 
ral dose. The side effects are few, but the respiratory. 
effects deserve careful surveillance. Most of these 
clinical actions will be apparent only when larger 
doses are administered (i.e., 0.5 or 0.75 pg/kg), 
because the smaller dose.tested (0:25 ug/kg) does not 
seem to produce actual clinical effects. 
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Does Epidural Fentanyl Decrease the Efficacy of Epidural 
Morphine After Cesarean Delivery? 
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Earlier studies have suggested that epidural fentanyl 
improves intraoperative analgesia during cesarean 
section, but others have suggested that it worsens 
postoperative analgesia from epidural morphine. The 
purpose of this study was to determine whether 
epidural fentanyl given before epidural morphine im- 
proves the quality of intraoperative epidural anesthe- 
sia without worsening postoperative analgesia pro- 
vided by epidural morphine. Sixty patients having 
epidural anesthesia for cesarean delivery were stud- 
ied. Epidural anesthesia was established using 2% 
lidocaine with epinephrine 5 ng/mL. After delivery, 
either fentanyl 100 ug/10 mL or normal saline-control 
10 mL was injected through the epidural catheter in a 
randomized, double-blind manner. All patients re- 
ceived 3.5 mg of morphine epidurally after uterine 


arlier studies have suggested that epidural fen- 

tanyl improves the quality of epidural anesthe- 

sia during cesarean section (1,2). Also, epidural 
fentanyl produces rapid-onset, but brief, postopera- 
tive analgesia with minimal side effects (3,4). In 
contrast, epidural morphine produces delayed, long- 
lasting analgesia (5-8). One might expect epidural 
administration of fentanyl during surgery to improve 
both intraoperative and early postoperative analgesia 
in patients also given epidural morphine. However, a 
retrospective study reported that analgesia from epi- 
dural morphine was inferior among parturients who 
had first received epidural fentanyl (9). The purpose 
of this study was to determine whether epidural 
fentanyl given before epidural morphine improves the 
quality of intraoperative analgesia without worsening 
postoperative analgesia provided by epidural mor- 
phine. 
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repair. After administration of the epidural study 
drug, there were no significant differences in the pain 
responses during surgery between the two groups. 
Patients in the fentanyl group experienced signifi- 
cantly less nausea and vomiting between delivery 
and the end of surgery than did patients in the 
normal saline-control group (P = 0.013). Postopera- 
tively, visual analogue scale scores for pain, pruritus, 
nausea, and sedation were similar at 1, 2, 4, and 8h 
in the two groups. We conclude that fentanyl 100 ug 
administered epidurally during cesarean delivery did 
not improve intraoperative analgesia, but signifi- 
cantly reduced intraoperative nausea and vomiting 
without diminishing the efficacy of postoperative 
analgesia provided by epidural morphine. 

(Anesth Analg 1992;74:658-63) 


Methods 


The protocol was approved by the University of lowa 
Institutional Review Board for Research Involving 
Human Subjects. Written informed consent was ob- 
tained from 60 parturients having cesarean delivery 
with epidural anesthesia. Exclusion criteria included 
(a) fetal distress, (b) epidural administration of either 
2-chloroprocaine or opioid during labor, and (c) his- 
tory of substance abuse. 

All patients received at least 1000 mL of lactated 
Ringer's solution, and left uterine displacement was 
maintained until delivery. Incremental boluses of 2% 
lidocaine with epinephrine 5 g/mL were injected 
through a lumbar epidural catheter until a T-4 sen- 
sory level to pinprick was achieved. After adminis- 
tration of the initial 20 mL of 2% lidocaine with 
epinephrine, 2% lidocaine without epinephrine was 
given at the discretion of the staff anesthesiologist. 
Additional lidocaine was administered during sur- 
gery when the patient experienced pain that was not 
relieved with intravenous fentanyl or when the sen- 
sory level of anesthesia had regressed two der- 
matomes. After delivery and clamping of the umbil- 
ical cord, either fentanyl 100 ug/10 mL or normal 
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saline (NS) 10 mL was injected through the epidural 
catheter in a randomized, double-blind manner. 
(Group assignment was made according to a table of 
random numbers. The study solution was prepared 
by an anesthesiologist not involved in the care of the 
patient or the collection of data.) After uterine repair, 
all patients received 3.5 mg of preservative-free mor- 
phine epidurally. Fentanyl and metoclopramide were 
administered intravenously as needed for intraoper- 
ative analgesia and nausea, respectively. After sur- 
gery intravenous morphine, intravenous metoclopra- 
mide, and subcutaneous nalbuphine were given as 
needed for pain, nausea, and pruritus, respectively. 


Patient Assessments 


Patients were asked to describe the intensity of oper- 
ative pain at delivery and at 10, 20, 30, and 40 min 
later as “none” = 0, “mild” = 1, “moderate” = 2, or 


“severe” = 3. Intraoperative nausea was rated before 


and after delivery as follows: none = 0, patient 
complained of nausea = 1, or patient retched and/or 
vomited = 2. After surgery, patients were asked to 
mark 100-mm visual analogue scales for pain, nausea, 
pruritus, and sedation at 1, 2, 4, and 8 h after epidural 
morphine. Maternal respiratory rate was determined 
after surgery every 30 min for 16 h, and every hour 
for an additional 8 h. 


Statistics 


Patient demographic data are expressed as mean + 
SEM. Median values are shown for visual analogue 
pain, nausea, pruritus, and sedation scores after 
surgery. Analysis of variance was used to compare 
continuous variables between groups. -Analysis 
with continuity correction or the Mann-Whitney 
U-test was used to compare nonparametric data be- 
tween groups. The Wilcoxon paired sample test was 
used to compare nonparametric data within each 
individual group over time. The percentage of pa- 
tients not requiring intravenous morphine after 
surgery was compared between groups using the 
Kaplan-Meier survival analysis. Bonferroni adjust- 
ment was used as appropriate. P < 0.05 was consid- 
ered significant. 


Results 


Sixty patients participated in the study. Four patients 
in the fentanyl group and three patients in the 
NS-control group had received epidural bupivacaine 
anesthesia during labor (P = not significant). Among 
these patients, the median sensory level of anesthesia 
was T-11 in each group immediately before injecting 
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Table 1. Maternal Characteristics 


Fentanyl NS-control 
(n = 30) (n = 30) P 
Age (yr) 29+ 1 29+1 Not significant 
Weight (kg) 86 +4 80 +4 Not significant 
Height (cm) 163 + 1 162+1 Not significant 
Gestation (wk) 39.3 + 0.3 38.1+0.6 Not significant 
Parity 
Nulliparous 6 9 Not significant 
Parous 24 21 
Previous cesarean sections 
None 11 14 Not significant 
One 10 Z 
Two or more 9 9 


NS, normal saline. 
Continuous data are expressed as mean + SEM. 


2% lidocaine with epinephrine. Maternal age, 
weight, height, parity, estimated gestational age, and 
the number of prior cesarean sections did not differ 
significantly between groups (Table 1). 


Intraoperative 


There were no significant differences between groups 
in the dose of epidural lidocaine, the incidence of 
intraoperative tubal ligation, or the incidence of exte- 
riorization of the uterus during repair (Table 2). 
Surgery was slightly more prolonged (P = 0.038) in 
the fentanyl group. Baseline pain measurements im- 
mediately aiter delivery were significantly greater 
(P = 0.022) in the fentanyl group than in the NS- 
control group (Figure 1). However, after administra- 
tion of the epidural study drug, there were no signif- 
icant differences in the pain responses during surgery 
between the two groups. Also, pain measurements 
improved (P < 0.05) over those immediately after 
delivery at 20 and 40 min in the fentanyl group but 
not in the NS-control group. Patients in the fentanyl 
group experienced significantly less (P = 0.013) nau- 
sea and vomiting between delivery and the end of 
surgery than did patients in the NS-control group 
(Figure 2). The two groups received similar intrave- 
nous doses of fentanyl and metoclopramide during 
surgery. There was a tendency toward more frequent 
hypotension after delivery in the epidural fentanyl 
group (P = 3.20, not significant). 


Postoperative 


Visual analcgue scale scores for pain, nausea, pruri- 
tus, and sedation were similar at 1, 2, 4, and 8 h after 
epidural morphine in the two groups (Figures 3 and 
4). The incidence of patients not requiring intrave- 
nous morphine was similar in the two groups during 
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Table 2. Intraoperative Data 


Duration of surgery (min) 
Uterus exteriorized 
Tubal ligation 
Lidocaine dose (mg) 
Before delivery 
After delivery 
Total 
Median cephalad sensory level of anesthesia 
At skin incision 
Maximum 
Total dose of IV fentanyl 
None 
50 ug 
100 pg 
Total dose of IV metoclopramide 
None 
5 mg 
10 mg 
Hypotension postdelivery 


NS, normal saline; IV, intravenous. 


Continuous data are expressed as mean + SEM. 
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Fentanyl NS-contro! 
(n = 30) (n = 30) P 
60 +3 513 0.038 
21 (70%) 21 (70%) Not significant 
9 (30%) 6 (20%) Not significant 
495 + 20 540 + 23 Not significant 
Vp 32 + 12 Not significant 
514 + 24 572 + 23 Not significant 
T-4 T-4 Not significant 
T-4 T-3 Not significant 
24 (80%) 19 (63%) Not significant 
1 (3%) 6 (20%) 
5 (17%) 5 (17%) 
21 (70%) 19 (63%) Not significant 
3 (10%) 2 (7%) 
6 (20%) 9 (30%) 
13 (43%) 7 (23%) Not significant 


the first 24 h after epidural morphine (Figure 5). Both 
groups received similar doses of medications to treat 
pain, pruritus, and nausea at 0-8 h and 8-24 h after 
surgery (data not shown). No patient in either group 
had a respiratory rate less than 12 breaths/min at any 
time. 


Discussion 
In the present study, fentanyl 100 ug administered 


intraoperative analgesia. Others (1,2) have concluded 
that epidural fentanyl improves patient comfort dur- 
ing epidural anesthesia with both 0.5% bupivacaine 
and 2% lidocaine with epinephrine. At least three 
factors may explain differences between our results 
and those of earlier studies. First, we administered 
fentanyl epidurally after delivery, whereas previous 
authors (1,2) administered fentanyl during the induc- 
tion of epidural anesthesia. Second, 2% lidocaine 
with epinephrine provides a more dense sensory and 


epidurally during cesarean delivery did not improve motor block than does 0.5% bupivacaine (10). Indeed, 


Fentanyl NS-Contral Fentanyl NS-Coniro! Fentanyi NS-Control Fenmany! NS-Contro! Fentanyl NS-Control 
(ne3O} {m30} 1n=30) {n=30} (n=30) (11030) {n= 2B} (riw25) (n=2O} (n=16} 
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Figure 1. Pain responses during surgery. Immediately after delivery, baseline pain scores were significantly greater (P = 0.022) in the 
fentanyl group than in the NS-control group. However, after administration of the epidural study drug, there were no significant 
differences in the pain responses during surgery between the two groups. W, severe pain; R, moderate pain; i, mild pain; O, no pain. 
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Figure 2. Incidence of nausea and vomiting during surgery. Pa- 
tients in the fentanyl group experienced significantly less (P = 
0.013) nausea and vomiting between delivery and the end of 
surgery than did patients in the NS-control group. W, vomiting; W, 
nausea; C], no nausea. 


whereas Gaffud et al. (1) noted that epidural fentanyl 


substantially improved epidural anesthesia with 0.5%. 


bupivacaine, Preston et al. (2) found only a modest 
improvement in anesthesia with 2% lidocaine with 
epinephrine. Finally, in the present study patients in 
the fentanyl group experienced significantly more 
pain immediately before the epidural study solution 
was given (type I error). Therefore, the absence of 
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Figure 3. Median visual analogue scale scores for 
pain and nausea over time. Measurements weze 
similar at 1, 2, 4, and 8 h after epidural morphine 
in the two groups. 
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significant differences in pain responses after admin- 
istration of the study drug does not necessarily dem- 
onstrate that epidural fentanyl did not improve anal- 
gesia during and immediately after surgery. Indeed, 
intraoperative analgesia tended to improve over time 
in the fentanyl group, but not in the NS-control 
group. Also, patients in the fentanyl group tended to 
require less intravenous fentanyl during surgery (P = 
not significant). 

Tanaka et al. (11) observed that fentanyl adminis- 
tered epidurally during gynecologic surgery im- 
proved postoperative analgesia in patients who were 
given epidural morphine before surgery. They spec- 
ulated that the rapid-onset analgesia from epidural 
fentanyl was useful before epidural morphine exerted 
its peak effect. However, Cohen et al. (9) noted that 
analgesia from epidural morphine was inferior 
among parturients who had first received epidural 
fentanyl. They speculated that epidural fentanyl 
might alter the pharmacokinetics or the receptor 
binding characteristics of subsequently administered 
epidural morphine. The present study suggests that 
an alternative explanation of their findings is more 
likely. That .s, patients with poorly functioning epi- 
dural catheters or lower tolerances to pain may be 
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more likely to receive epidural fentanyl during cesar- 
ean section. Further, these same patients may be 
more likely to experience greater pain after surgery 
and have greater parenteral opioid requirements. 

In the present study, epidural fentanyl signifi- 
cantly decreased nausea and vomiting during surgery 
even though postdelivery hypotension tended to 
occur more frequently (P = 0.20, not significant) in 
the fentanyl group. Similarly, Ackerman et al. (12) 
observed that epidural fentanyl 50 ug decreased 
nausea and vomiting during uterine manipulation in 
patients undergoing cesarean delivery. It is unclear 
why epidural fentanyl appears to decrease nausea 
and vomiting during cesarean section. Stenseth et al. 
(13) observed that nausea and vomiting were in- 
creased in patients experiencing pain after abdominal 
surgery. In the present study, epidural fentanyl de- 
creased postdelivery nausea and vomiting in the 
absence of differences in pain measurements. How- 
ever, it did not significantly affect the intraoperative 
requirement for metoclopramide. Regardless of the 
mechanism, administering epidural fentanyl during 
cesarean delivery may provide effective nausea and 
vomiting prophylaxis. Further work may clarify 
whether epidural fentanyl reduces nausea and vom- 
iting among patients given antiemetic prophylaxis 
with metoclopramide or droperidol. 
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Figure 4. Median visual analogue scale scores for 
pruritus and sedation over time. Measurements 
were similar at 1, 2, 4, and 8 h after epidural 
morphine in the two groups. 





In summary, fentanyl 100 ug administered epidu- 
rally during cesarean delivery did not affect the 
quality of intraoperative analgesia but reduced intra- 
operative nausea in patients receiving epidural anes- 
thesia with 2% lidocaine with epinephrine 5 pg/kg. 
Further, epidural fentanyl did not affect postopera- 
tive analgesia after epidural morphine administra- 
tion. 
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Figure 5. Percentage of patients not requiring supplemental intra- 
venous morphine over time. The incidence of patients not requir- 
ing intravenous morphine was similar in the two groups during 
the first 24 h after epidural morphine. 
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Uptake and Distribution of Bupivacaine and Morphine 
After Intrathecal Administration in Parturients: Effects 


of Epinephrine 


Mark I. Zakowski, MD, Sivam Ramanathan, MD, Steven Sharnick, MD, 


and Herman Turndorf, MD 


Department of Anesthesiology, New York University Medical Center, New York, New York; Department of 


Anesthesiology, Danbury Hospital, Danbury, Connecticut 


This study examines the plasma pharmacokinetics of 
bupivacaine and morphine and the urinary excretion 
of morphine administered for spinal anesthesia for 
cesarean section. Patients received 12 mg of hyper- 
baric bupivacaine and 0.6 mg of morphine with either 
0.2 mL of normal saline (plain, n = 15) or 0.2 mg of 
epinephrine (n = 15). Venous blood and urine were 
collected at 0, 0.25, 0.5, 1, 2, 3, 6, 12, and 24 h. Total 
and unconjugated morphine (UCM) in plasma and 
urine were measured using radioimmunoassay, and 
plasma bupivacaine was measured by gas chromatog- 
raphy. Results were expressed as mean + sE and 
analyzed using Student's t-test at P < 0.05. In the 
epinephrine group, plasma bupivacaine peaked at 
15 min and remained approximately 30% higher (P < 
0.05) at 0.25, 0.5, and 1 h than in the plain group, 


monly used to produce spinal anesthesia and 

postoperative analgesia in patients undergoing 
cesarean section. However, only limited pharmacoki- 
netic information is available for bupivacaine and 
morphine in this clinical setting. Therefore, we com- 
pared the pharmacokinetics of a bupivacaine- 
morphine mixture administered with or without epi- 
nephrine in patients undergoing cesarean section. 


Pees sea te proa combination is com- 


Methods 


The protocol was approved by the Institutional Re- 
view Board and informed consent was obtained. A 
total of 30 healthy parturients (ASA class I) scheduled 
for elective cesarean section were studied. Patients 
received lactated Ringer’s solution, 2000 mL, intrave- 
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which peaked at 30 min. Although UCM peaked at 
3 h in both groups, the plasma levels remained 
approximately 66% lower in the epinephrine group. 
In the epinephrine group, bupivacaine had a smaller 
volume of distribution at steady state, and morphine 
had a more rapid clearance, shorter twg, and smaller 
area under the curve compared with the plain group 
(P < 0.05). Only 45% + 5% and 31% + 3% of 
morphine was recovered in the urine in the plain and 
epinephrine group, respectively (P < 0.05). In con- 
clusion, epinephrine added to a bupivacaine- 
morphine mixture increases the initial systemic up- 
take of bupivacaine and decreases the absorption and 
urinary excretion of morphine from the intrathecal 
space. 

(Anesth Analg 1992;74:664-9) 


nously before anesthesia, and left uterine displace- 
ment was maintained. Lumbar puncture was per- 
formed at the L3-4 intervertebral space in the sitting 
position using a 25-gauge Quinke-tipped needle. 
Patients were randomly divided into two groups. 
Those in the plain group (n = 15) received an intra- 
thecal injection of 12 mg of bupivacaine (1.6 mL of 
0.75% solution in 8.25% dextrose) mixed with 0.6 mg 
of preservative-free morphine (0.6 mL) and 0.2 mL of 
normal saline (total volume 2.4 mL). Patients in the 
epinephrine group received 12 mg of bupivacaine 
(1.6 mL of 0.75% solution in 8.25% dextrose) mixed 
with 0.6 mg of preservative-free morphine (0.6 mL) 
and 0.2 mg of epinephrine (0.2 mL, total volume 
2.4 mL). Sensory level was assessed using pinprick. 
Systolic blood pressure was maintained above 
100 mm Hg by administration of 5 mg of ephedrine 
intravenously. 

Blood was collected from the antecubital vein via 
an indwelling cannula at 0, 0.25, 0.5, 1, 2, 3, 6, 12, 
and 24 h in both groups. Urine specimens were 
obtained at the same time periods from an indwelling 
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catheter. Unconjugated morphine was measured in 
plasma and urine using a specific radioimmunoassay 
(Coat-a-Count, Diagnostic Products Corporation, Los 
Angeles, Calif.). The assay has a sensitivity of 
0.12 ng/mL, a range of 0.12-200 ng/mL, and negligi- 
ble cross-reactivity to morphine-3-glucuronide 
(0.03%), morphine-6-glucuronide (9.15%), and co- 
deine (0.06%) (1). Total morphine was measured by 
radioimmunoassay after incubating the sample for 
24 h with glusalase enzyme (a mixture of glucuroni- 
dase 225 U and sulfatase 250 U; DuPont Co., Wil- 
mington, Del.) (2). Glusalase hydrolyses the glucu- 
ronide and sulfate conjugates to unconjugated 
morphine. Conjugated morphine was calculated as 
the difference between total and unconjugated mor- 
phine. Urinary excretion was calculated for each 
period as the product of urinary volume and drug 
concentration. Cumulative urinary excretion of total 
and unconjugated morphine at each measurement 
interval was calculated as the sum of morphine 
excretion from all preceding time periods for each 
patient. Bupivacaine was analyzed using gas chroma- 
tography fitted with OV17 stationary phase, helium 
mobile phase, and nitrogen phosphorus detector 
(range 5-5000 ng/mL; National Medical Services, Wil- 
low Grove, Pa.). Time at which the sensory level 
regressed to T-10 was recorded in addition to time to 
first request for postoperative analgesic. 

Plasma pharmacokinetic variables were calculated 
using a computer program (3). Total area under the 
curve (AUC) was derived using the trapezoidal rule, 
and terminal elimination half-life (ts) by least- 
squares regression analysis of the log plasma concen- 
tration-time data for the terminal phase of morphine 
disposition. Total plasma clearance was calculated by 
dividing the dose by the AUC. Automatic curve 
stripping of the plasma decay curves was performed 
to generate polyexponential equations. 

Results were expressed as mean + sE. For statisti- 
cal analysis, Statistica computer software (StatSoft 
Inc., Tulsa, Okla.) was used. Intergroup comparisons 
were performed using Student’s t-test (4). A P value 
of less than 0.05 was considered significant. 


Results 


No significant differences were noted between the 
groups with respect to age, height, weight, the time 
at which the sensory level regressed to T-10, arterial 
blood pressure, ephedrine requirement, or the time 
to first analgesic (Table 1). 

Patients in the epinephrine group had significantly 
greater plasma bupivacaine concentration at 0.25, 0.5, 
and 1 h than those in the plain group at corresponding 
time intervals with no significant differences at other 
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Table 1. Vital Statistics and Durations of Anesthesia and 
Analgesia for the Two Groups 


Group 
Plain Epinephrine 

Age (yr) 30 + 1 26.9 + 0.9 
Height (cm) 159 + 1.7 163 + 2.6 
Weight (kg) 73 + 2.8 76 23:5 
Peak sensory level T-4 T-4 
Time to T-1C regression (min) 114 + 25 118 + 31 
Time to first analgesic (h) 24+] 28 + 2 
Baseline hemodynamics 

SBP (mm Hg) 118 + 10 123 + 8 

DBP (mm Hg) 78 + 10 75 +9 

MAP (mm Hg) 90 + 8 88 +7 

HR (min~’) 79 +3 83 + 4 
T-4 sensory level hemodynamics 

SBP (mm Hg) 108 + 8 111 + 7 

DBP (mm Hg) 70 +8 68 +9 

MAP (mm Hg) 85 +7 84+ 8 

HR (min`?) 84+ 4 81 + 3 
Ephedrine usage (patients) 2 2 


SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean 
arterial pressure; HR, heart rate. 
No significant differences were ncted between groups. 


measurement periods (P < 0.05) (Figure 1). Maximum 
plasma bupivacaine concentration occurred at 0.5 h 
(47.7 + 4.4 ng/mL, range 17-80) in the plain group and 
at 0.25 h (62.8 + 6.0 ng/mL, range 10-110) in the 
epinephrine group (Figure 1). An absorption phase for 
bupivacaine was clearly seen only in the plain group. 
Plasma bupivacaine concentration curves were best 
described by a biexponential process (r = 0.5-0.99) in 
both grous. Bupivacaine had a larger volume of dis- 
tribution at steady state in the plain group than in the 
epinephrine group with no significant differences in 
clearance, tg, and AUC (Table 2). 

Plasma unconjugated morphine was significantly 
lower in the epinephrine group compared with the 
plain group by 62%, 66%, 80%, and 75% at 2, 3, 6, 
and 12 h, respectively (Figure 1). The plasma mor- 
phine level peaked at 3 h in both the plain group (0.61 
+ 0.07 ng/mL, range 0.17~-1.4) and the epinephrine 
group (0.21 + 0.07 ng/mL, range 0-0.77). Plasma 
conjugated morphine was not significantly different 
between groups at any of the measurement periods, 
except at 24 h (Table 3). Both groups demonstrated an 
absorption phase for morphine. Plasma concentra- 
tion curves for morphine were best described by a 
biexponential process in both groups (r = 0.40.99). 
Plasma morphine pharmacokinetic data revealed a 
significantly slower clearance and longer tg and 
larger AUC in the plain group compared with the 
epinephrine group with no significant difference in 
volume of distribution at steady state (Table 2). 

The differences in the unconjugated and conju- 
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Figure 1. Plasma bupivacaine and morphine concentration after intrathecal administration. The decay portions of all the curves followed 
a monoexponential pattern. The equations for the different concentrations (conc) with respect to time (T) were: Conc bupiv- 


acaine = 48.09e-9!! 


in group 1; conc bupivacaine = 66.91e~°97 in 


0.49T > 


group 2; conc morphine = 0.14e7"! in group 1; conc morphine = 


0.23e~°-"" in group 2. The data are mean (se not shown). S denotes significance from corresponding group, P < 0.05. 


Table 2. Pharmacokinetic Values 


VD. Cl tng AUC total 
(L/kg) (mL-kg™?-min™}) (h) (ng-h-mL~7) 
Bupivacaine 
Plain 3.49 + 0.5" 14.07 + 4.8 5.03 + 0.8 416 + 83 
Epinephrine 2.28 + 0.25 8.66 + 2.7 45+ 0.6 512 + 85 
Morphine 
Plain 13.4 + 0.9 17.9 + 2.8° 10.9 + 1.5° 10.85 + 1.7" 
Epinephrine 13.220 46.4 + 13 6.04 + 1.2 6.38 + 1.6 


VD volume of distribution at steady state; Cl, clearance; tas, terminal elimination half-life; AUC, area under the curve. 


“P < 0.05, compared with corresponding value in epinephrine group. 


gated morphine concentrations in the urine did not 
attain statistical significance between the two groups 
at any of the measurement periods (Table 4). How- 
ever, the cumulative amount of unconjugated mor- 
phine excreted in the urine was significantly larger in 
the plain group at 3, 6, 12, and 24 h and that of total 
morphine was significantly larger at 1, 2, 3, 6, 12, and 
24 h compared with the epinephrine group (Figure 2). 
In the plain group 7.2% + 1% and in the epinephrine 
group 5% + 0.3% of the intrathecal morphine dose 


was recovered in the first 24 h as unconjugated 
morphine in the urine. The percent of morphine dose 
recovered as total morphine in the urine was 45% + 
5% and 31% + 3% for the plain and epinephrine 


groups, respectively (Figure 2). 
Discussion 


Our data show that after intrathecal administration, 
both bupivacaine and morphine are absorbed into the 
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Table 3. Plasma Conjugated Morphine 


Hours Plain (ng/mL) Epinephrine (ng/mL) 
0.25 0.275 + 0:1 0.95 + 0.4 
0.5 0.4+ 0.1 1.38 + 0.8 
1 0.72 + 0.1 1:79 A 
2 1.4 + 0.3 1.72 + 0.5 
3 2.34 + 0.3 2.09 + 0.8 
6 2.7 + 0.4 2.36 + 0.8 
12 1.4 + 0.6 2:0 £1 
24 0.3 + 0.1" 0.04 + 0.04 


“P < 0.05, compared with epinephrine group. 


Table 4. Morphine in Urine 


Unconjugated (ng/mL) Conjugated (ng/mL) 
Hours Plain Epinephrine Plain Epinephrine 
0.25 0.75 + 0.4 35-21 6.8 +3 3.9 + 0.8 
0.5 10+ 3 10.5 £3 43.8 + 20 8.4 +3 
1 25 + 4 24.1+7 144 + 60 41.3 + 15 
2 40.6 + 10 3447 92.4 +20 80.9433 ~ 
3 57.5. 12 60 + 13 162 + 45 206 + 65 
6 90.8 + 15 52. 10 380 + 80 240 + 42 
12 26 +7 25 +3 141 + 45 170 + 34 
24 7.3 + 0.8 6.6 +3 42.9 + 11 51.5: 25 


No significant differences were noted between groups. 


systemic circulation. The data also show that mor- 
phine undergoes substantial urinary elimination. Epi- 
nephrine produces dissimilar effects on bupivacaine 
and morphine plasma levels. 

The rate of absorption for local anesthetics from 
the intrathecal space is influenced by the degree of 
sympathetic blockade, hypotension, vasodilation of 
local blood vessels, changes in cardiac output and 
direct intrinsic vasoactivity of the local anesthetic 
(5,6). The animal data relating to the effects of local 
anesthetics and/or epinephrine on spinal cord blood 
flow (SCBF) are conflicting and human data are 
sparse. In this study, neither hemodynamic variables 
nor ephedrine requirement differed significantly be- 
tween groups. 

Bupivacaine when administered intrathecally de- 
creased SCBF in dogs (7), and lidocaine produced a 
rapid dural hyperemia and a delayed spinal cord 
hyperemia (8). Tetracaine also produced an increase 
in dural blood flow and SCBF (9). Epinephrine pre- 
vented the vasodilatory effects of lidocaine and tet- 
racaine (8,9). Other animal studies showed no change 
in SCBF after administration of subarachnoid 
lidocaine, mepivacaine, or tetracaine, with or without 
epinephrine (10,11). Regions of the spinal cord re- 
mote from the site of injection may have different 
OCBF responses compared with those at or near the 
site of injection (7). Similarly, SCBF responses may 
differ between the gray and the white matter (10-12). 
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Morphine does not have any appreciable effect on 
SCBF (13). 

Dohi et al. (11) and Kozody et al. (12) have shown 
that epinephrine alone produced no change in SCBF 
but did decrease dural blood flow. Another factor is 
the hemodynamic effect of epinephrine absorbed 
systemically from the intrathecal space. Intrathecal 
bupivacaine-epinephrine increased cardiac index in 
animal studies owing to systemic effects of epineph- 
rine, whereas bupivacaine alone decreased cardiac 
index (7). Thus, the systemic uptake of bupivacaine 
after intrathecal administration reflects the balance 
between several opposing factors. 

It is therefore not surprising that the literature 
contains conflicting data with respect to the efficacy 
of epinephrine added to local anesthetics. Epineph- 
rine reduced the peak plasma concentration of 
lidocaine after intrathecal administration, whereas a 
similar effect was not observed with bupivacaine (14). 
Many clinical studies have shown that although epi- 
nephrine does not prolong the duration of action of 
subarachnoid bupivacaine (6,15,16), it does prolong 
the duration of action of intrathecal tetracaine (6,17). 
The addition of epinephrine did not affect the dura- 
tion of anesthesia in our study. 

The peak plasma levels of bupivacaine in our study 
are comparable to those reported by others (14,18- 
20). In nonpregnant patients given plain bupivacaine 
there was a delayed peak (18), whereas data from 
parturients (20) have shown a time to peak plasma 
concentration similar to ours. A bupivacaine- 
epinephrine mixture has not previously been studied 
in parturients. 

The reason for the higher and earlier peak of 
bupivacaine that we found in the epinephrine group 
is not clear. It may be related to increased cardiac 
index (7) or to the intrinsic vasodilatory action of 
epinephrine. A 30-yg/min intravenous infusion of 
epinephrine in humans exerts a biphasic action on 
certain vascular beds, with early vasodilation medi- 
ated via the 8, receptors followed by later vasocon- 
striction via the a receptors (21). We do not know if 
and to what extent these two factors contributed to 
the increased systemic plasma bupivacaine levels. 
Our data show that when administered as a mixture 
intrathecally, the lipophilic bupivacaine attains an 
earlier peak than the hydrophilic morphine, and that 
epinephrine exerts a prolonged effect on the systemic 
uptake of morphine. However, the differences in 
plasma levels between the two groups are unlikely to 
be of any clinical significance. 

The systemic absorption of morphine after intra- 
thecal administration is slower than after epidural 
administration (22). In the parturient, epidural mor- 
phine (5 mg) achieved a peak plasma level of 
10-14 ng/mL in only 15 min (23). After subarachnoid 
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administration, plasma morphine peaked (0.6 ng/mL) 
at 3 h in our study. Others have reported that 
intrathecal morphine resulted in maximal plasma 
concentrations after 1-5 h (22,24). Morphine in the 
plain and epinephrine groups and bupivacaine in the 
plain group showed a distinct absorption phase. An 
absorption phase was not seen in the plasma concen- 
tration curve for bupivacaine in the epinephrine 
group, probably owing to infrequent sampling in the 
early part of the study. The biexponential pattern of 
the plasma concentration curves for both morphine 
and bupivacaine agrees with patterns reported else- 
where (18,25). Small but significant differences occur- 
ring in the volume of distribution at steady state for 
bupivacaine probably resulted from lower initial 
plasma levels. As the dose of the drug is the same in 
both groups, the slower clearance, longer tg, and 
larger AUC for morphine in the plain group simply 
reflect the higher plasma morphine levels from 2 to 
12 h in that group. 

The availability of a specific antibody for unconju- 
gated morphine permits detection of small amounts 
of that substance in the urine. Our data show that the 
drug is rapidly conjugated and excreted in the urine 
as both conjugated and unconjugated morphine. A 
maximum of 48% of the total morphine dose was 
recovered in the urine, the balance presumably un- 
dergoing enteral elimination (26). Higher plasma 
morphine levels in the plain group resulted in a 
higher cumulative unconjugated and total urinary 
excretion. 

In summary, the addition of epinephrine to a 
bupivacaine-morphine mixture for spinal anesthesia 
produces minor differences in plasma pharmacoki- 
netics of the two substances without any clinically 
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Figure 2. Cumulative urinary excretion of uncon- 
jugated and total morphine in groups 1 and 2. NG, 
nanograms; UM, unconjugated morphine; TM, to- 
tal morphine; PL, plain (group 1); EPI, epinephrine 
(group 2). The excretion of morphine starts at 
15 min. *Significance from corresponding group, P 
< 0.05. 
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useful differences in the duration of anesthesia or 
analgesia. 
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Does Calcium Chloride Help Restore Maternal Blood 
Pressure and Uterine Blood Flow During Hemorrhagic 
Hypotension in Hypermagnesemic Gravid Ewes? 
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Magnesium sulfate worsens maternal hypotension 
and fetal oxygenation during hemorrhage in gravid 
ewes. The purpose of this study was to determine 
whether calcium chloride administration is a useful 
adjunct to blood transfusion during hemorrhagic 
hypotension in hypermagnesemic gravid ewes. Six- 
teen experiments were performed in eight chronically 
instrumented animals between 0.8 and 0.9 of timed 
gestation. The experimental sequence included 
(a) T = 0: magnesium sulfate 4 g IV; (b) T = 5: 
infusion of magnesium sulfate 4 g/h IV; (c) T = 90: 
méternal hemorrhage 20 mL/kg over 55 min; (d) T = 
147: calcium chloride 10 mg/kg or normal saline 
(N5S-control) 0.1 mL/kg IV; (e) T = 160: transfusion of 
collected maternal blood over 55 min. Magnesium 
sulfate alone slightly decreased maternal mean arte- 
rial pressure (P = 0.002) and increased uterine blood 
flow (P = 0.0001) in both groups before hemorrhage. 
During hemorrhage, maternal mean arterial pres- 
sure, cardiac output, and uterine blood flow, and 
fetal Po, and pH all decreased sharply (P = 0.0001). 


agnesium ions directly influence the uptake, 
content, binding, and distribution of cal- 
cium ions in vascular smooth muscle (1). 
Magnesium decreases baseline tension in vascular 
smooth muscle (1), and there is some evidence that 
magnesium attenuates the vasoconstrictor response 
to vasopressor agents in vivo (2,3) and in vitro (4,5). 
In an earlier study, we observed that magnesium 
sulfate worsened hypotension and fetal oxygenation 
during hemorrhage in gravid ewes (6). 
Kirpekar and Misu (7) observed that magnesium 
ions reduced the release of norepinephrine from 
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Cardiac output increased (P = 0.0005) modestly just 
after the intravenous bolus of calcium chloride. Ma- 
ternal mean arterial pressure was significantly higher 
(P = 0.03) during transfusion in the calcium chloride 
group than in the NS-control group, but only after 
mean arterial pressure was near baseline measure- 
ments. Maternal uterine blood flow and fetal Po, and 
pH responses over time were similar in the two 
groups. We conclude that intravenous administration 
of calcium chloride (10 mg/kg) transiently increased 
cardiac output during hemorrhagic hypotension and 
slightly increased mean arterial pressure during 
transfusion in hypermagnesemic gravid ewes. How- 
ever, calcium chloride did not significantly improve 
uterine blood flow or fetal oxygenation at any time. If 


applicable to pregnant women, these results suggest 


that calcium chloride has little efficacy in the initial 
treatment of hemorrhagic hypotension in hyper- 
magnesemic parturients. 

(Anesth Analg 1992;74:670-6) 


postganglionic sympathetic nerve endings during 
splenic nerve stimulation in vitro. However, this 
inhibition was partially reversed by increasing the 
calcium ion concentration in the perfusing solution. 
Also, Nelson and Suresh (5) observed that calcium 
chloride reversed magnesium sulfate-induced relax- 
ation in uterine artery smooth muscle in vitro. 

Bolus infusion of calcium chloride increases myo- 
cardial contractility in vivo (8) and increases tension 
in vascular smooth muscle in vitro (8,9). Because 
calcium ions can antagonize the vascular effects of 
magnesium ions in vitro (5,7), and because calcium 
increases blood pressure and cardiac output in vivo 
(10,11), we hypothesized that administration of cal- 
cium chloride might be a useful adjunct to blood 
transfusion during hemorrhagic hypotension in hy- 
permagnesemic parturients. For example, consider 
the case of a woman with placenta previa who bleeds 
while receiving tocolysis with magnesium sulfate. A 
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bolus of calcium chloride given during hemorrhagic 
hypotension might help restore the hemodynamic 
and acid-base abnormalities before transfusion ther- 
apy can be initiated. The purpose of this study was to 
determine if intravenous calcium chloride helps re- 
store maternal blood pressure, uterine blood flow, 
and fetal oxygenation during hemorrhagic hypoten- 
sion in hypermagnesemic gravid ewes. 


Methods 


The protocol was approved by the University of lowa 
Animal Care Committee. Surgical instrumentation 
was performed as described previously (12). Mixed- 
breed ewes were obtained from a commercial breeder 
at approximately 118 days of timed gestation (term = 
145 days). Each animal fasted for 36 h before surgery. 
Induction of general anesthesia was accomplished 
with sodium thiopental (8-12 mg/kg) at 120 days of 
gestation. After tracheal intubation anesthesia was 
maintained with 50% nitrous oxide, 50% oxygen, and 
1%-1.5% halothane. Mechanical ventilation was 
maintained throughout surgery. Using sterile tech- 
nique, a laparotomy and hysterotomy were per- 
formed, and catheters (polyethylene 90) were in- 
serted into the fetal descending aorta via each femoral 
artery. Fenestrated high-pressure tubing (MX566, 
Medex, Hilliard, Ohio) was secured to the fetal hind- 
limb to monitor amniotic pressures. After the hys- 
terotomy and laparotomy incisions were closed, a left 
paramedian incision was made. The left uterine ar- 
tery was isolated via a retroperitoneal approach, and 
an electromagnetic flow probe (Dienco, Los Angeles, 
Calif.) was placed around the artery. Catheters (poly- 
ethylene 240) were then inserted into the maternal 
descending aorta via the left mammary and femoral 
arteries and into the inferior vena cava via the left 
mammary vein. All catheters were tunneled subcuta- 
neously and exteriorized through a small incision in 
the left flank. Finally, an 8.5F introducer (AK-09800, 
Arrow, Reading, Pa.) was placed percutaneously into 
the right jugular vein. 

After surgery each animal was kept in an approved 
cage in a restricted area, fed a balanced diet, and 
allowed a recovery period of at least 3 days. Procaine 
penicillin G 500,000 U and dihydrostreptomycin 
625 mg (Distrycillin, Solvay, Princeton, N.J.) were 
given to the mother intramuscularly the day of sur- 
gery and daily for 3 days thereafter. Gentamicin 
80 mg was administered to the mother intravenously 
on the day of each experiment, and gentamicin 40 mg 
was injected via the amniotic catheter during surgery 
and on the day of each experiment. Experiments 
were performed with the animal standing, supported 
by a canvas sling, within an approved transport cart. 

Before the first study, a pulmonary artery catheter 
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(93A-131H-7F or 93A-831H-7.5F, American Edwards, 
Santa Ana, Calif.) was inserted through the jugular 
vein introducer. Maternal arterial, central venous, 
and pulmonary artery pressures, as well as fetal 
arterial blood pressure, were measured continuously 
with disposable strain gauge pressure transducers 

(46951-02, Abbott Critical Care Systems, North Chi- 

cago, Ill.) via Coulbourn transducer couplers (872-25, 

Coulbourn Instruments, Lehigh Valley, Pa.). Fetal 

pressures were corrected by subtraction of simulta- 

neous intraamniotic pressure. Mean arterial blood 
pressure (MAP) was computed arithmetically. The 
maternal heart rate (HR) and fetal HR were computed 
from the arterial waveforms. Uterine artery blood 
flow (UBF) was measured continuously with a quan- 
titative electromagnetic flow meter (RF-2500, Dienco). 

Arterial and venous pressures, HR, and UBF were 

recorded at 10-s intervals using a computer-based 

data acquisition system (Alternatives Unlimited, Des 

Moines, Iowa). 

Cardiac output measurements were made in trip- 
licate with 10 mL of iced saline and a thermodilution 
cardiac output computer (9520A, Edwards Laborato- 
ries, Santa Ana, Calif.). Maternal and fetal arterial 
blood gas and pH values were determined using an 
Instrumentation Laboratory (1302, Leighton, Mass.) 
blood gas analyzer. All values were corrected for 
temperature (39.5°C). 

The experimental sequence included the follow- 
ing: 

1. Acute hydration with 250 mL of normal saline IV 
over 15 min. 

2. Sixty minutes for the animal to acclimate to the 

laboratory environment. 

. Ten minutes for baseline measurements. 

. At time zero, each animal received magnesium 

sulfate 4 g IV over 5 min. 

5. At 5 min, an intravenous infusion of magnesium 
sulfate 4 g/h was begun and continued until the 
end of the experiment at 220 min. 

6. At 75 min, each animal received heparin 15,000 U 
IV. 

7. At 90 min, blood was withdrawn from the femoral 
arterial catheter using a constant rate withdrawal 
pump (20 mL/kg over 55 min). 

8. At 147 min, each animal received a bolus of 
calcium chloride 10 mg/kg or normal saline (NS- 
control) 0.1 mL/kg. 

9. At 160 min, the collected maternal blood was 
reinfused over 55 min. 


Aa OO 


Maternal arterial serum magnesium concentra- 
tions were determined at baseline, and at 90, 145, 
157, and 220 min using a bichromatic colorimetric 
method (Lancer Rapid Stat, St. Louis, Mo.). Serum 
ionized calcium concentrations were determined at 
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Table 1. Baseline Maternal and Fetal Hemodynamic, 
Blood Gas, and Acid-Base Measurements 


Calcium 
chloride N&-control 
(n = 8) (n = 8) 
Maternal 
Heart rate (beats/min) 116 +6 115 +8 
Mean arterial pressure (mm Hg) 93 + 3 94 +2 
Cardiac output (L/min) 10.4 + 0.5 10.2 + 0.7 
Uterine blood flow (mL/min) 760 + 254 766 + 312 
Pulmonary capillary wedge 10.8 + 1.5 8.8 + 1.0 
pressure (mm Hg) 
pH 7.46 + 0.01 7.46 + 0.01 
Po, (mm Hg) lll + 4 110 +6 
Pco, (mm Hg) Jl 38 +] 
Fetal 
Heart rate (beats/min) 164 + 10 172 + 8 
Mean arterial pressure (mm Hg) 47 +3 41 +3 
pH 7.33 £001 F3l 0.01 
Po, (mm Hg) 181 18 + 2 
Pco, (mm Hg) 501 SFE 


NS, normal saline. 
All values are expressed as mean + sEM. There were no significant 
differences between the calcium chloride and the NS-control group. 


baseline, and at 90, 145, 148, 150, 152, 157, and 
220 min using an ion specific electrode (NOVA 2, 
NOVA Biomedical, Waltham, Mass.). 

Sixteen experiments were performed in eight ani- 
mals. Calcium chloride and normal saline were given 
to each ewe in random order. Animals were allowed 
to rest at least 1 day between experiments. 

Hemodynamic, blood gas, and acid-base measure- 
ments are reported as mean + seM. We analyzed the 
responses to magnesium sulfate alone (0-90 min), 
hemorrhage (90-147 min), the intravenous bolus of 
calcium chloride or NS-control (147-160 min), and 
transfusion (160-220 min). The hemodynamic, blood 
gas, and acid-base measurements from both groups 
were combined through 147 min because the two 
groups received identical treatments until the end of 
hemorrhage. Statistical analysis was by repeated 
measures analysis of variance. Bonferroni adjustment 
was used as appropriate. P < 0.05 was considered 


significant. 


Results 


Maternal weight (mean + sEM) was 63 + 3 kg. The 
two treatment groups were similar with regard to 
baseline hemodynamic, blood gas, and acid-base 
measurements (Table 1). Also, measurements in the 
two treatment groups were not significantly different 
at any time through the end of hemorrhage. 
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Table 2. Maternal Arterial Serum 
Magnesium Concentrations 
Calcium chloride NS-contro! 
(n = 8) (n = 8) 
Baseline 2440.1 2.2 + 0.1 
90 Min 6.3 + 0.3 6.2 + 0.3 
145 Min 8.3 + 0.6 7.5 + 0.4 
160 Min 84+ 0.5 7.6 + 0.4 
220 Min 8.0 + 0.5 7.5 204 


NS, normal saline. 

All values are expressed as mean + SEM and are given as milligrams per 
deciliter. There were no significant differences between the calcium chloride 
and the NS-control group at any time. 


Response to Magnesium Sulfate Alone (0- 
90 Minutes) 


Magnesium sulfate infusion resulted in similar in- 
creases in maternal serum magnesium concentrations 
in the two groups (Table 2). These concentrations 
after baseline are within or slightly above the thera- 
peutic range for tocolysis and seizure prophylaxis in 
pregnant women (13,14). Magnesium sulfate alone 
slightly decreased maternal MAP (P = 0.002) and 
increased UBF (P = 0.0001) (Figures 1 and 2). Mater- 
nal HR increased (P = 0.002) and systemic vascular 
resistance (SVR) decreased (P = 0.015) during the 
magnesium sulfate infusion (Figure 1; maternal HR 
data not shown). Fetal Po, and pH did not change 
significantly during the initial 90 min of the magne- 
sium sulfate infusion (Figure 3). Fetal Pco, increased 
slightly (P = 0.012) during magnesium sulfate infu- 
sion alone (data not shown). 


Response to Hemorrhage During Magnesium 
Sulfate Infusion (90-145 Minutes) 


During hemorrhage maternal MAP, cardiac output, 
and UBF decreased sharply (P = 0.0001) (Figures 1 
and 2). Maternal HR decreased (P = 0.002) and SVR 
increased (P = 0.003) (Figure 1). Also, fetal Po, and 
pH decreased (P = 0.0001) and fetal Peco, increased 
(P = 0.0006) during hemorrhage (Figure 3; fetal Pco, 
data not shown). 


Response to the Intravenous Bolus of Calcium 
Chloride or Normal Saline-Control (147- 
160 Minutes) 


The bolus of calcium chloride at 147 min increased the 
maternal serum ionized calcium concentration to 1.76 
+ 0.03 mmol/L at 148 min in the calcium chloride 
group (Table 3). Overall, the maternal MAP, SVR, 
HR, cardiac output, and UBF responses to calcium 
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Figure 1. Maternal mean arterial pressure (MAP) and systemic 
vascular resistance (SVR) responses over time. 


chloride were not significantly different from the 
responses to NS-control (Figures 4 and 5; maternal 
HR data not shown). However, calcium chloride 
increased cardiac output at 149, 154, and 160 min (P < 
0.05) when compared with measurements at 147 min 
(Figure 5). Finally, the fetal Po, and pH responses 
were not significantly different between the two 
groups after the treatment at 147 min (Figure 3). Fetal 
Po, increased (P = 0.004) and fetal pH decreased (P = 
0.009) immediately after the intravenous bolus of 
either calcium chloride or NS-control. Fetal Pco, did 
not change immediately after the treatment at 
147 min in either group (data not shown). 


Response to Transfusion (160-220 Minutes) 


During the transfusion of collected blood, maternal 
MAP was slightly higher in the calcium chloride 
group than in the NS-control group (P = 0.03) (Figure 
1). However, maternal SVR, HR, cardiac output, and 
UBF, and fetal Po,, Pco,, and pH measurements 
were not significantly different between the two 
groups (Figures 1-3). 
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Figure 2. Cardiac output and uterine blood flow (UBF) responses 
over time. 


Discussion 


Magnesium sulfate slightly increases ovine UBF in 
the absence of hemorrhage or sympathetic blockade 
(12,15,16). Recently, we observed that magnesium 
sulfate decreased maternal MAP but not UBF during 
epidural anesthesia in gravid ewes (12). We next 
observed that magnesium sulfate attenuated the in- 
crease in MAP and SVR during infusion of ST-91 (an 
a,-agonist) but not during infusion of phenylephrine, 
angiotensin II, or arginine vasopressin in gravid ewes 
(17). However, magnesium sulfate attenuated the 
increase in uterine vascular resistance during phe- 
nylephrine, angiotensin II, and ST-91 infusions. The 
latter two studies suggested that magnesium sulfate 
might protect UBF during selected maternal stress 
responses. 

In contrast, we earlier observed that magnesium 
sulfate worsened maternal hypotension and fetal 
oxygenation during hemorrhage in gravid ewes (6). 
Although we did not measure UBF in that study, our 
findings suggested that the greater degree of hypo- 
tension in the animals receiving magnesium sulfate 
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Figure 3. Fetal arterial blood Po, and pH measurements over time. 


Table 3. Maternal Arterial Serum Ionized 
Calcium Concentrations 


Time after bolus Calcium chloride NS-control 
(min) (n = 8) (n = 8) 

Baseline — TCI = 0.01 1.14 + 0.01 
90 Min — 1.14 + 0.02 1.08 + 0.01 
145 Min — 1.10 + 0.01 1.05 =. 0,01 
148 Min 1 1.76 + 0.03 1.02 + 0.01 
150 Min 3 1.64 + 0.02 1.05 + 0.01 
152 Min 5 1.54 + 0.02 1.03 + 0.01 
157 Min 10 1.38 + 0.02 1.03 + 0.01 
220 Min 73 1.21 = 0.01 1.02 + 0.02 


All values are expressed as mean + SEM and are given as millimoles per 
liter. 


resulted in a greater decrease in uteroplacental per- 
fusion than occurred in the NS-control group. 
Given the evidence for antagonism between mag- 
nesium and calcium ions, we hypothesized that ad- 
ministration of calcium chloride might prove ben- 
eficial during hemorrhage in hypermagnesemic 
parturients. We speculated that a bolus of calcium 
chloride during hemorrhagic hypotension might tem- 
porarily improve maternal and fetal well-being before 
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Figure 4. Maternal mean arterial blood pressure (MAP) and sys- 
temic vascular resistance (SVR) responses after the treatment at 
147 min. 


transfusion therapy can be initiated. Bolus injection 
of calcium chloride increases myocardial contractility 
(LV dp/dt) in vivo (8,18). Marked improvements in 
ventricular performance occur after calcium chloride 
administration during hypocalcemia (18). However, 
calcium chloride increases LV dp/dt only slightly 
during normocalcemia (18). Calcium ions increase 
norepinephrine release from postganglionic sympa- 
thetic nerve endings and adrenal medullary granules 
in vitro (7,19). Also, calcium chloride increases the 
contractility of vascular smooth muscle in vitro (8,9). 
Results of studies on the effects of calcium chloride on 
peripheral vascular resistance in vivo are conflicting. 
Drop and Scheidegger (10) and Haddy (20) observed 
that hypercalcemia increased SVR in anesthetized 
dogs. In contrast, Stanley et al. (21) found that SVR 
decreased after calcium chloride administration in 
unanesthetized calves. 

The present study suggests that the administration 
of calcium chloride 10 mg/kg does not substantially 
improve maternal MAP, UBF, or fetal oxygenation 
during hemorrhagic hypotension in hypermag- 
nesemic gravid ewes. Maternal MAP increased simi- 
larly just after intravenous boluses of both calcium 
chloride and NS-control. Transcapillary fluid shifts 
into the intravascular compartment probably contrib- 
uted to the increases in MAP observed in both groups 
immediately after hemorrhage (22,23). Maternal MAP 
was slightly higher during transfusion in the calcium 
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Figure 5. Cardiac output and uterine blood flow (UBF) responses 
after the treatment at 147 min. 


chloride group, but only after MAP was near baseline 
measurements. Cardiac output increased modestly 
just after the intravenous bolus of calcium chloride 
but not NS-control. Similarly, Coté et al. (24) ob- 
served that an 8-mg/kg intravenous bolus of calcium 
chloride caused a small, transient increase in MAP 
and cardiac output in anesthetized dogs. Despite a 
modest increase in cardiac output and a later, small 
increase in maternal MAP after calcium chloride in 
the present study, a corresponding increase in UBF 
did not occur at any time. It is possible that we might 
have observed greater hemodynamic changes in the 
calcium chloride group if we had given additional 
calcium chloride after the intravenous bolus at 
147 min. 

The gravid ewes in our study experienced less 
extensive hemorrhage and had less severe hypoten- 
sion than occurred in other studies of hemorrhagic 
shock in animals (25-31). During shock, increased 
free radicals and cytosolic calcium promote reactions 
leading to mitochondrial damage and disruption of 
cell membrane systems (29-31). Others (29,30) have 
observed that calcium entry blockade before hemor- 
rhagic shock results in improved cardiac and renal 
function after reinfusion of blood. The salutary effects 
of calcium entry blockade in the postischemic period 
suggest that calcium chloride, given during hemor- 
rhagic shock, might cause increased organ dysfunc- 
tion after reinfusion of blood. 
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We conclude that the intravenous administration 
of calcium chloride (10 mg/kg) modestly increased 
maternal cardiac output during hemorrhagic hypo- 
tension, and slightly increased MAP during transfu- 
sion in hypermagnesemic gravid ewes. The bolus of 
calcium chloride did not significantly improve mater- 
nal UBF or fetal oxygenation. If applicable to preg- 
nant women, these results suggest that calcium chlo- 
ride has little efficacy in the initial treatment of 
hemorrhagic hypotension in hypermagnesemic par- 
turients. 
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The ventilatory response to CO, was measured to 
evaluate the degree of respiratory depression after 
epidural sufentanil. After cesarean section performed 
with bupivacaine epidural anesthesia, 14 patients 
received either 30 ug (n = 7) or 50 wg (n = 7) of 
epidural sufentanil. Respiratory measurements were 
made before and 15, 45, and 120 min after sufentanil 
injection. The presence and severity of sedation and 
other nonrespiratory side effects were evaluated 
throughout the study. Plasma sufentanil assays were 
performed on blood samples obtained at frequent 
intervals during the first 2 h. Although changes in 
resting ventilation did not occur, both sufentanil 
doses depressed the ventilatory response to CQ). 
After sufentanil 30 ug, the slope of the CO, response 
curve decreased significantly at 45 and 120 min (con- 


sively for provision of postoperative analgesia; 

however, with hydrophilic opioids such as 
morphine there is a risk of late respiratory depression 
owing to cephalad migration of unbound drug in the 
cerebrospinal fluid (CSF). Sufentanil is highly lipid 
soluble and has greater affinity for u-opiate receptors 
(1,2). This should result in rapid clearance of sufen- 
tanil from the CSF, and there should be less potential 
for cephalad spread in the neuraxis. Doses of epidu- 
ral sufentanil ranging from 30 to 75 wg have been 
found necessary for postoperative analgesia in a 
variety of circumstances (3-7). Unfortunately, seda- 
tion accompanies higher doses (3,5), and ventilatory 
depression has been reported in patients receiving 
this opioid after general anesthesia (4,8,9) and in 


| pidural administration of opiates is used exten- 
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trol value, 2.33 + 0.3 L-min’'-mm Hg! [mean + 
SEM] vs 1.61 + 0.24 and 1.72 + 0.15, respectively, P < 
0.05). After sufentanil 50 ug, significant decreases 
occurred at 15 and 45 min (control value, 2.84 + 
0.71 vs 1.81 + 0.48 and 1.48 + 0.31 L-min™'-mm 
Hg ', respectively). The mean maximal decrease in 
the slope occurred at 45 min and was more pro- 
nounced after 50 ug (—42.3% + 7.4%) than after 
30 ug (—27.4% + 9.9%). Analgesia was similar in 
both groups. Side effects, particularly sedation, were 
more severe with the 50-ug dose. We conclude that 
30 ug of epidural sufentanil is preferable to the higher 
dose with regard to both respiratory and nonrespira- 
tory side effects. Even with the lower dose, monitor- 
ing of ventilation is advisable for a minimum of 2 h. 

(Anesth Analg 1992;74:677-82) 


healthy volunteers studied in the laboratory (10). The 
analgesic efficacy of epidural sufentanil (30-60 pg) 
has been demonstrated in women after cesarean 
section (5-7,11); however, limited data are available 
with regard to its respiratory effects in this population 
(11). The current study was designed primarily to 
measure respiratory sensitivity to CO, after 30 or 
50 ug of epidural sufentanil administered for post- 
cesarean section analgesia. The doses selected were 
those most commonly used in clinical practice. Anal- 
gesic efficacy, nonrespiratory side effects, and plasma 
sufentanil levels were also evaluated in an attempt to 
determine whether they correlated with changes in 
respiratory drive. 


Methods 


The study was approved by the Institutional Ethics 
Committee, and informed consent was obtained from 
all subjects. The study group comprised 14 healthy 
term parturients who had undergone elective cesar- 
ean section with epidural anesthesia. Individuals 
with major organ diseases, multiple gestations, or 
pregnancy complications were excluded from the 
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study. Patients received no premedication other than 
30 mL of 0.3% sodium citrate. Epidural block was 
performed at the L2-3 or L3-4 interspace, and anes- 
thesia for surgery was provided with 0.5% plain 
bupivacaine administered via the epidural catheter. 
No sedative or opioid drugs were administered intra- 
operatively. Subjects were studied postoperatively in 
a special postanesthesia care unit that was quiet and 
contained no other patients. Because pain can signif- 
icantly modify breathing patterns, we attempted to 
ensure adequate analgesia throughout the study. 
Thus, to prevent discomfort in the period between 
the block wearing off and sufentanil taking effect, an 
additional 10-mL epidural injection of 0.25% plain 
bupivacaine was given to patients whose block at the 
end of surgery was below T-4 (six in each group). 
Respiratory measurements were performed with the 
patient resting quietly. Control values were obtained 
=25 min after the last injection of bupivacaine. After 
baseline measurements, sufentanil was administered 
via the epidural catheter in a dose of either 50 ug (n = 
7) or 30 ug (n = 7). Preservative-free saline solution 
was added so that the volume of the injectate was 
10 mL in all cases. The following evaluations and 
measurements were made during the control period 
before sufentanil administration and at various inter- 
vals for the next 2 h. 

_ Ventilatory response to CO, was evaluated before 
and 15, 45, and 120 min after sufentanil administra- 
tion by using the Read rebreathing method (12). All 
subjects were studied in a 30° head-up position. 
Patients breathed through a mouthpiece and noseclip 
system connected to a Fleisch No. 2 pneumotacho- 
graph. Inspiratory and expiratory lines were sepa- 
rated by a one-way valve. The dead space in the 
svstem was 75 mL, and the resistances of the inspira- 
tory and expiratory lines were, respectively, 2.4 and 
3.6 cm H,O-s~*-L™ at a flow of 1 L/s. Volumes were 
measured by electronically integrating the flow signal 
obtained from the pneumotachograph (which previ- 
ously had been calibrated with a 1-L syringe) con- 
nected to a Godart 17212 differential pressure trans- 
ducer (Bilthoven-Holland). End-tidal CO, (Perco,) 
was measured with a Gould capnograph that was 
calibrated before and after each measurement with 
three concentrations of CO, in oxygen (5%, 7.5%, 
and 8%). All signals were recorded on a paper re- 
corder at a speed of 12.5 mm/s. Before each rebreath- 
ing test, steady-state ventilation was recorded after a 
5-min period of quiet breathing in room air. Respira- 
tory rate, minute ventilation (Ve), and Perco, were 
calculated by analyzing and averaging the data from 
five breaths. Patients then rebreathed 5% CO, in 
oxygen into a 9-L Douglas bag. Although they could 
stop at any time, they were encouraged to continue 
for as long as possible, with the goal of obtaining a 
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linear increase of Perco, to at least 60 mm Hg; PEerco, 
and Ve were recorded every 20 s. Linear regression 
equations were computed from VE and Perrco, for 
each CO, challenge curve. All responses were linear, 
with a correlation coefficient r ranging from 0.92 to 
0.96. Values were converted to body temperature and 
ambient pressure saturated with water vapor. Oxy- 
gen saturation (Spo) was continuously monitored 
with a Nellcor 200 pulse oximeter attached to the 
great toe. Heart rate and blood pressure were re- 
corded at regular intervals. 

Subjective analgesia was assessed with a 10-cm 
visual analogue pain scale before and at 5, 10, 15, 20, 
30, 45, and 120 min after sufentanil administration. 
When these times coincided with respiratory mea- 
surements, the latter were always performed after 
other assessments had been made. The maximal level 
of analgesic block, assessed by pinprick, was re- 
corded before and at 15, 45, and 120 min after 
injection. The time until the first request for addi- 
tional analgesia also was recorded. 

The presence and severity of side effects were 
evaluated at the same time as pain intensity assess- 
ments (see earlier text). Patients were asked to grade 
the degree of nausea and pruritus according to a 
simple scale: 0 = none, 1 = mild, 2 = moderate, and 
3 = severe. Vomiting was recorded as present or 
absent. All patients had an indwelling urinary cath- 
eter for approximately 24 h postoperatively. Sedation 
was assessed by the patient using a 10-cm visual 


- analogue sedation scale, where 0 represented feeling 


completely awake and 10 almost asleep. 

Venous blood was sampled from an intravenous 
catheter placed in a large forearm vein before and at 
5, 10, 15, 20, 30, 45, and 120 min after sufentanil 
administration. Each 5-mL sample was centrifuged 
and the supernatant stored at —23°C for subsequent 
sufentanil assay. A radioimmunoassay technique 
with a lower limit of detection of 0.02 ng/mL and an 
accuracy of +5% was used. 

Comparisons of serial measurements within and 
between groups were performed with one- or two- 
factor repeated-measures analysis of variance. Differ- 
ences were further investigated with the Scheffé 
test or Dunnett test (to compare measurements after 
sufentanil administration with control values). Stu- 
dent's t-test and the Mann-Whitney test were used 
for between-group comparisons of continuous and 
noncontinuous data, respectively. Incidences of side 
effects were compared with Fisher's exact test, and 
linear regression analysis was used to assess correla- 
tion among plasma sufentanil levels, sedation scores, 
and percent depression of the CO, response curves. 
A P value =0.05 was considered significant; values 
are expressed throughout as mean + SEM. 
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Table 1. Study Group Characteristics 


Sufentanil Sufentanil 
50 ug 30 ug 
(1 = 7) (n = 7) 
Age (yr) 32+ 4 34+ 6 
Height (cm) 162 + 7 160 + 6 
Weight (kg) 78 + 11 66 + 
0.5% Bupivacaine dose (mL) 28 + 4 2944 


Values are mean + SEM. 
"p < 0.05. 


Table 2. Incidence and Mean Severity Score (0-3) of Side 
Effects in 14 Patients 


Sufentanil Sufentanil 
50 ug 30 ug 
(n = 7) (n = 7) P value 
Pruritus (n) 6 å NS 
Mean severity score 190.5 0.7 £0.3 0.06 
Nausea (n) 3 p NS 
Mean severity score 1.1 + 0.6 0.7 + 0.5 NS 
Vomiting (n) 3 0 NS 
Dizziness (n) 4 3 NS 
Control VASS 0.5 + 0.5 1.0 + 0.6 NS 
Max VASS 9.1 + 0.6 4.8 + 1.2 0.004 
Max change in VASS 8.6 + 0.7 3.8 + 1.0 0.001 
Time max VASS (min) 67 + 19 72 + 21 NS 


VASS, visual analogue sedation score (0-10 cm); NS, not significant; 
Max, maximum. 


Results 


The groups were similar with regard to age, height, 
and the dose of bupivacaine administered during 
operation; however, patients receiving sufentanil, 
50 ug, weighed slightly more than those receiving 
30 wg (Table 1). All subjects remained pain free 
throughout the study period, with levels of cutane- 
ous analgesia ranging from T-8 to T-4. The time until 
first administration of additional analgesia was 537 + 
90 min after the 30-2 dose and 520 + 89 min after the 
50-ug dose (NS). Heart rate and blood pressure 
remained stable throughout the study. Pruritus, nau- 
sea, and vomiting occurred with similar frequency in 
both groups, but pruritus tended to be more severe in 
patients receiving the 50-ug dose (Table 2). Sedation 
occurred in all patients; however, increases in the 
visual analogue sedation- scale were significantly 
greater in the 50-yg group (Table 2). The onset of 
sedation (5-15 min) and the time to maximal sedation 
(Table 2) were similar in both groups. In individual 
patients, degree of sedation was not correlated with 
maximal plasma sufentanil levels. 

Resting ventilation after sufentanil administration 
did not differ from control values (Table 3). In one 
patient in each group, Spo, transiently decreased to 
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88% and 86%, respectively. The mean minimal Spo, 


(i.e., the average of the lowest recorded Spo, for each 
patient) was similar in both groups (93% + 2% in the 
30-ug group; 94% + 1% in the 50-ug group). Both 
doses of sufentanil resulted in depression of the CO, 
response curve (Table 3). After the 50-ug dose, the 
slope decreased significantly compared with control 
values at 15 and 45 min, whereas after 30 yg, de- 
creases were significant at 45 and 120 min. Figure 1 
shows the slopes for the two groups expressed as 
percentage change from control values. Two-way 
repeated-measures analysis of variance revealed a 
significant overall difference between the groups (P = 
0.032), although comparisons at specific time inter- 
vals failed to reach statistical significance (P = 0.07 for 
the difference between 15-min values; P = 0.13 for 
45-min values). Maximal percentage change in the 
slope of the CO, response curve in individual pa- 
tients was not correlated with either their maximal 
sufentanil concentration or maximal visual analogue 
sedation scale or visual analogue pain scale. 

Plasma sufentanil concentrations (Figure 2) were 
higher after the 50-ug dose throughout the study 
(significantly different at 10, 45, and 120 min). Peak 
concentrations were also significantly higher with the 
larger dose (0.096 + 0.02 vs 0.053 + 0.01 ng/mL, 
P < 0.05). 


Discussion 


Our results demonstrate that epidural sufentanil, 
30-50 ug, significantly depresses the ventilatory re- 
sponse to CO, but does not affect resting respiratory 
variables. Although studying only two doses permits 
limited conclusions with regard to a dose-response 
relationship, our data suggest a tendency to more 
depression with the higher dose, particularly in the 
early postinjection period. Neither group had re- 
turned to control values by the 2-h measurement. In 
a study in which respiratory variables were measured 
after administration of epidural sufentanil, 50 pg, to 
healthy volunteers, Klepper et al. (10) similarly re- 
ported maximal decreases in CO, response of 45% 
from control values. As in the current study, depres- 
sion was the most profound during the first 2 h; 
however, values were still abnormal in these volun- 
teers at the final rebreathing test 7 h after injection. 
We found it impractical to continue respiratory mea- 
surements beyond 2 h in our subjects because they 
became fatigued and wanted to rejoin their newborns. 
The factors other than drugs that may affect respiratory 
drive include pain and the pregnant state, both of 
which stimulate respiration. As our patients never 
experienced pain, onset of analgesia does not explain 
the observed decrease in respiratory drive. Although 
regression of the hormonal changes of pregnancy 
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Table 3. Respiratory Variables Before and After Epidural Sufentanil 


Control 
value 
Resting RR (breaths/min) 
50 ug 15.2 
30 ug 14 +3 
Resting Ve (L/min) 
50 pg 9.1 + 1.4 
30 ug 8.6 + 1.5 
Resting Petco, (mm Hg) 
50 ug 30 +1 
30 ug 29 +1 
Slope CO, response 
(L:‘min™*-mm Hg!) 
50 ug 2.84 + 0.71 
30 ug 2.33 + 0.03 


RR, respiratory rate; VE, minute ventilation; Perco, end-tidal CO). 
Values are mean + SEM. 
“P < 0.05 vs control value. 


% Change in Slope 
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Figure 1. Percentage change from control values in the slope of the 
CO, response curve at 15, 45, and 120 min after epidural sufenta- 
nil. *P < 0.05 vs control values. 


ultimately results in return of respiratory drive to 
normal levels, this is unlikely to occur in the first 2 h 
postpartum. 

In a previous study in cesarean section patients, 
Madej and Strunin (11) administered 10, 20, 30, or 
50 ug of epidural sufentanil to each of 10 subjects. 
The lower doses were not associated with changes in 
respiratory rate or PETCO, unless supplemental intra- 
muscular morphine was administered. In contrast, 
one incident of bradypnea occurred, and significant 
increases in Perco, were present 30 min after injec- 
tion of a 50-yg dose. In nonobstetric patients, respi- 
ratory arrests (4,13,14), decreased respiratory rates 
(4,8,14-16), decreases in oxyhemoglobin saturation 
(17), and increases in Paco, (4,8,9) have been re- 
ported after epidural sufentanil. Respiratory effects 
were most marked after large (50-75 yg) or multiple 
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Time after sufentanil injection 
15 Min 45 Min 120 Min 
15+2 17 +2 17 +1 
13 +2 15+2 17+2 
10.2 + 2.9 10.8 + 3.3 8.6 + 1.0 
8.5 + 1.2 9.3 + 0.9 8.6 + 0.8 
32 +2 32 + 3 3142 
30 +1 30 +1 299+1 
1.81 + 0.48* 1.48-+ 0.31% 2.36 + 0.66 
1.93 + 0.32 1.61 + 0.24° 1.72 + 0.15" 
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Figure 2. Plasma sufentanil concentrations (ng/mL) vs time after 
epidural sufentanil. *P < 0.05 vs 30-ug group. **P < 0.002 vs 30-ug 
group. 


doses (4,13,17) in patients who also had received 
systemic opioids or other depressants intraopera- 
tively. In some reports of respiratory complications, 
patients had undergone thoracic or upper abdominal 
surgery performed with general anesthesia (4,8,13, 
15,17), when both the site of surgery and residual 
anesthetic depression may have contributed to respi- 
ratory changes in the postoperative period. In con- 
trast to these findings, Donadoni et al. (3) reported no 
change in respiratory rate or arterial blood gases in 
ASA physical status I patients receiving 15-75 pg of 
sufentanil after orthopedic procedures. Similarly, 
Benlabed et al. (18) found no changes in resting 
variables, although respiratory drive was decreased, 
in children receiving 0.75 ueg/kg of sufentanil after 
urologic surgery. 

The optimal way to determine the potential of a 
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drug to cause dangerous ventilatory depression is 
controversial. We selected the ventilatory response to 
CO, because this is a sensitive index of respiratory 
depression. Having demonstrated abnormalities, it is 
important to consider their relevance in a clinical 
setting. Cartwright et al. (19) found a 50% reduction 
in CO, response to be associated with a Paco, of 
45 mm Hg, a level they and others (10) have selected 
as representing the threshold of critical respiratory 
depression. By using this arbitrary definition in our 
patients, mean decreases would place the 50-yg, but 
not the 30-ug, group “at risk”; however, if individual 
patients are considered, three in the 50-ug group and 
two in the 30-ug group would fall into this category. 
The greatest reduction in CO, response (—72%) oc- 
curred at 45 min in a subject who received 50 yg; 
overt respiratory depression might have occurred 
had she been given supplemental opioids. Variations 
in respiratory drive among patients, as well as the 


small numbers studied, make precise clinical recom-.. 


mendations based on these data inappropriate. To 
maintain perspective, it should be noted that mean 
decreases of 50% in the slope of the CO, response 
curve have been demonstrated in women receiving 
conventional doses of subcutaneous morphine after 
cesarean section (20). In the same study, intrathecal 
morphine, 0.1 or 0.25 mg, resulted in maximal de- 
creases of only 20% (20). 

As in previous reports (5~7,11,21,22), epidural 
sufentanil provided satisfactory analgesia in our pa- 
tients; however, the duration of analgesia (mean 
8.5 h, range 5-16 h) was considerably longer than the 
2-6 h previously reported with similar doses after 
cesarean section (5-7,11,21). This difference may re- 
late to our use of bupivacaine rather than lidocaine 
for provision of surgical anesthesia; more prolongéd 
analgesia after bupivacaine anesthesia has also been 
reported with epidural fentanyl (23). The administra- 
tion of supplemental 0.25% bupivacaine to prevent 
pain during rebreathing also complicates the issue. 
Although this may have been responsible for the pro- 
longed analgesia we observed, the duration of pain 
relief was greater than would have been expected from 
the local anesthetic alone. The most likely explanation, 
supported by data from animal studies, is that local 
anesthetics and opioids administered spinally are syn- 
ergistic with respect to their analgesic effect (24). In 
agreement with other investigators (4-6), we found no 
benefit with regard to duration of analgesia, yet more 
severe side effects, with the larger sufentanil dose. 

In agreement with previous studies, the principal 
nonrespiratory side effect was sedation (5,7). This 
_ was present in all subjects but was more marked with 
the 50-ug dose. Although the magnitude of sedation 
and respiratory depression differed in individual pa- 
tients, the time-course of these side effects was sim- 
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ilar. It thus seems logical to seex a commoti mechanism 
to explain them. Systeinic absorption of epidural sufen- 
tanil is rapid, resulting in peak plasma levels within 
10-15 min (5,25). As maximal plasma sufentanil levels 
in the current study did not correlate with sedation 
scores or maximal depression of CO, response, other 
mechanisms such as direct rostral spread via CSF or via 
epidural vascular pathways are probably contributory. 
In a recent study in sheep, De Sousa and Stiller (26) 
demonstrated rapid appearance (within 5 min) of suf- 
entanil injected in the lumbar epidural space in CSF 
sampled at the cisterna magna. Arterial plasma sufen- 
tanil levels were always lower than CSF levels, suggest- 
ing ditect cephalad migration of the opioid within the 
neuraxis (26). Pétty et al. (27) similarly found that after 
lumbar epidural sufentanil injection in dogs, cisternal 
CSF opioid levels were higher between 5 and 180 min 
than plasma concentrations; the peak cisternal CSF 
concentration was more than three times higher than 
the plasma concentration. These studies suggest that 
systemic absorption of epidural sufentanil contributes 
only a minor portion to cisternal CSF drug levels. In 
vivo data with regard to CSF pharmacokinetics of 
opioids are limited (28). In studies in cancer patients, 
Gourlay et al. (29,30) obtained cervical samples of CSF 
after lumbar epidural injection of morphine and me- 
peridine. The more lipophilic meperidine crossed the 
dura rapidly and reached peak cervical CSF concentra- 
tions at 10-60 min, compared with a 2-3-h delay for 
morphine (29). In a similar study with fentanyl, peak 
cervical CSF levels occurred between 10 and 45 min 
(31); however, the low fentanyl concentrations detected 
in most patients indicated minimal cephalad migration. 
We are not aware of similar investigations with sufen- 
tanil in humans. 

In summary, we found that epidural sufentanil, 
30-50 ug, caused significant sedation and depression 
of respiratory drive when administered to women after 
cesarean section. This suggests that despite its high 
lipid solubility and y-receptor affinity, sufentanil is not 
restricted to the spinal cord. Rostral spread via CSF, 
and perhaps by direct transit in epidural veins, may be 
more important than spread resulting from systemic 
absorption (26,27,32). Because respiratory and nonres- 
piratory side effects were greater with the 50-ug dose, 
we support others (5,6,8) in recommending a 30-ug 
dose for analgesia after cesarean section. Close moni- 
toring of patients for several hours is advisable after 
epidural sufentanil, and supplemental opioids should 
be administered with caution. 
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Ultrasound Examination of the Stomach Contents 


of Parturients 
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Sciences University, Portland, Oregon 


A noninvasive method to determine the actual stom- 
ach contents of parturients may help to identify 
factors responsible for delayed gastric emptying as 
well as define the risk of aspiration of gastric contents 
in individual patients. Therefore, we tested the ability 
of ultrasound imaging to identify noninvasively the 
stomach contents of laboring and nonlaboring preg- 
nant volunteers. A preliminary study demonstrated 
that the stomach contents could be identified by 
ultrasound in 20 healthy volunteers and in 34 partu- 
rients, not yet in active labor, scanned after consum- 
ing liquids or solid food. Next, 39 parturients in active 
labor were scanned at varying postprandial times. 


obstetric anesthesia was recognized by Mendel- 
son (1) in 1946. Although he described the 
syndrome of acid aspiration, the only deaths in his 
clinical study were the result of aspiration of solid 


‘Te risk of aspiration of stomach contents during 


food remaining in the stomach many hours after the 


cessation of oral intake. A noninvasive method to 
determine the actual stomach contents of parturients 
may help to identify factors responsible for delayed 
gastric emptying as well as define the potential risk of 
aspiration in individual patients. 

Real-time ultrasound is a technique capable of high- 
resolution imaging. This technique produces good 
quality images of the stomach in nonpregnant volun- 
teers (2-4). Therefore, we tested the ability of ultra- 
sound imaging to identify noninvasively the stomach 
contents of laboring patients and healthy volunteers at 
varying times after the ingestion of solid food. 


Methods 


The study had the approval of the Committee on 
Human Research at the Oregon Health Sciences 
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Sixteen parturients in active labor who had not 
eaten for 8-24 h still had food detected in the stom- 
ach. In fact, nearly two-thirds of the patients in 
active labor who were scanned had solid food present 
in the stomach independent of the interval between 
last oral intake and the ultrasound scan. The present 
study demonstrates that high-resolution ultrasonog- 
raphy is capable of noninvasively identifying the 
stomach contents of parturients. These results con- 
firm the clinical impression that emptying of the 
stomach is delayed for many hours after the onset of 
labor. 

(Anesth Analg 1992;74:683-7) 


University. Written, informed consent was obtained 
from all patients. A pilot study was first performed 
with 20 healthy, nonpregnant. volunteers. The preg- 
nant study group comprised 73 healthy women with 
uncomplicated, near-term single pregnancies. Thirty- 
nine of these patients were studied in the labor ward 
while in active labor after a request for epidural 
anesthesia. Patients in labor were studied within 1 h 
of epidural placement; 0.25% bupivicaine (10 mL) 
was administered through the epidural catheter to 
obtain patient comfort. 

Thirty-four of the 73 full-term pregnant patients, 
not yet in labor, were studied at the time of routine 
antenatal testing (n = 30) or before elective cesarean 
delivery (n = 4). All patients were English speaking, 
over the age of 18 yr, free from gastrointestinal tract 
disease, and had not received narcotic analgesics 
before the study. Patients with a history of previous 
abdominal surgery, alcohol or drug abuse, infection, 
preterm labor, hemorrhage, hypertension, diabetes, 
morbid obesity, or hyperemesis or patients receiving 
any medication (other than prenatal vitamins) were 
excluded from the study. 

Patients participating in the study were asked to 
note retrospectively the time that they last ingested 
“solid food.” The type and quantity of food were also 
recorded for each patient. After admission to the 
labor ward, patients were allowed unrestricted access 
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to clear liquid beverages only. Four patients ingested 
solid food after the onset of labor, and they were 
excluded from the study analysis. All patients re- 
ceived 30 mL of sodium citrate at the time of epidural 
catheter placement. Patients in active labor were also 
asked to estimate the time of onset of painful uterine 
contractions. 

Volunteers undergoing serial ultrasound examina- 
tions were fed a standardized meal identical to the 
breakfast prepared for obstetric inpatients at our 
hospital. The meal consisted of fruit juice, muffin, 
roll, butter, jam, and cereal with milk and weighed 
approximately 800 g. 

Ultrasound examination was performed with a 
real-time ultrasound transducer with a linear phased 
array probe (5 MHz) (model RT3000, General Electric, 
Milwaukee, Wis.). The ultrasonographer was un- 
aware of the time of the last oral intake of the patient. 
Gastric ultrasound examination was performed ac- 
cording to a modification of the technique previously 
described by Holt et al. (2), in which elevation of the 
patient’s head aids in visualization of the stomach by 
displacing gastric air upward out of the scanning 
field, thereby preventing scattering of the ultrasound 
beam by the air. Transverse views of the stomach 
were obtained by initially positioning the scanner 
under the left costal margin and scanning up to the 
xiphisternum. Identification of the stomach was al- 
ways confirmed by directly observing the entry of 1-2 
cups of water into the stomach. 

To displace the gravid uterus away from the ultra- 
sound beam, pregnant patients were scanned in the 
right lateral position, with the head of the bed ele- 
vated to 45°, rather than in the sitting position de- 
scribed by Holt et al. (2). For convenience, nonpreg- 
nant volunteers were scanned in the sitting position 
after it was determined that identical results were 
obtained on ultrasound examination of five healthy 
volunteers in both the sitting and right lateral posi- 
tion. With this technique, the stomach could be 
clearly identified in approximately 60% of the preg- 
nant patients and in all of the nonpregnant volun- 
teers tested. 

The ingestion of as little as 2 oz of beef, fish, 
chicken, or bread could be detected in the stomachs 
of healthy volunteers (n = 10), and these foods were 
all similar in appearance on ultrasound. The inges- 
tion of carbonated liquids interfered with ultrasound 
visualization of gastric contents for 10-15 min. There- 
fore no patient was scanned for at least 15 min after 
ingestion of a carbonated beverage. Data analysis was 
performed with the y*-test and Student’s unpaired 
t-test. A P value < 0.05 was considered statistically 
significant. 
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Figure 1. Ultrasound images of the stomach of a healthy volunteer 
under varying conditions. (A) Fluid-filled stomach (sto). (B) Stom- 
ach (STO) containing a prenatal vitamin pill (white arrow). 


Results 


We first performed a pilot study with healthy non- 
pregnant volunteers to confirm the appearance of the 
stomach after the consumption of liquids or solid 
food and after an overnight fast. As shown in Figure 
1A, the stomach appears as a large cystic structure in 
a fasting volunteer after the ingestion of 2 cups of 
water before the scan. In real time, water could be 
seen streaming into the stomach; however, before 
ingestion of water, the empty stomach was not visible 
on ultrasound (data not shown). Next, a gastric scan 
was obtained after the ingestion of five prenatal 
vitamin pills (by the same volunteer as in Figure 1A). 
One of the pills is visible within the stomach (Figure 
1B). One final illustration of this technique is shown 
in Figure 2. This scan demonstrates the appearance of 
the stomach immediately after the ingestion of a full 
lunch. Food particles are clearly visible within the 
stomach (Figure 2), and in real time, particles could 
be seen floating in the stomach. Next, 20 healthy 
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Figure 2. Ultrasound image of the stomach (STO) of a healthy 
volunteer after ingestion of a full meal. Food particles can be seen 
within the stomach (dark arrows). 


volunteers (10 women, mean age 31 + 6 yr and 10 
men, mean age 29 + 7 yr) underwent gastric ultra- 
sound every 2 h after an overnight fast (8-10 h) and 
after ingesting a standardized meal (see Methods). In 
all cases, gastric ultrasound confirmed the absence of 
solid food in the stomach of the fasting volunteers. 
Furthermore, 4 h after ingestion of the meal, solid 
food was no longer detected in the stomach of any of 
the volunteers. These results demonstrate that ultra- 
sound produces high-quality images of the stomach 
and permits detection of solid food within the stom- 
ach. 

We next studied 20 pregnant volunteers (mean 
maternal age 32 + 8 yr; mean gestational age 35 + 
8 wk) not yet in labor and performed ultrasound 
examinations at 2-h intervals after an overnight fast 
(8-10 h) and after ingestion of a standardized meal. In 
all cases a gastric ultrasound scan confirmed the 
absence of solid food in the stomach of the fasting 
parturients. Furthermore, in each of the 20 parturi- 
ents, solid food was no longer detected in the stom- 
ach by 4 h after ingestion of the meal. 

Fourteen additional pregnant volunteers (mean 
maternal age 28 + 6 yr; mean gestational age 35 + 
8 wk) not yet in labor had a single ultrasound 
examination performed at varying times after eating 
solid food. In all cases, these patients did not have 
solid food detected in the stomach, provided that 
they had not eaten for at least 4 h before the ultra- 
sound scan. 

Next, 39 healthy, full-term parturients in active 
labor (mean maternal age 28 + 10 yr; mean gesta- 
tional age 36 + 9 wk) who requested epidural anal- 
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Table 1. Relation of Time of Last Food Intake, First 
Ultrasound Examination, and Detection of Food in the 
Stomachs of 39 Patients 


Hours between tood 0-4 4-8 8-12 
intake and first 
ultrasound 
examination 

No. of patients with 6 6° 6° 10° 
food in stomach 


12-24 


(n= 6) (n= 8) (n = 15) 


n, total number of patients in group 
“No statistically significant difference compared with the 0-4-h group. 


gesia had a single gastric ultrasound scan performed 
at varying times after eating solid food. All patients 
were studied within 1 h of epidural placement, and 
none of the patients had received narcotic analgesics. 
As shown in Table 1, gastric ultrasound examination 
demonstrated solid food within the stomachs of 
nearly two-thirds of these patients, independent of 
the time interval between the last oral intake and the 
ultrasound examination. Sixteen parturients who re- 
ported not eating for 8-24 h had solid food detected 
by gastric ultrasound examination (Table 1). The 
ultrasound results were consistent with the contents 
of vomitus obtained in four patients after ultrasound 
examination (three had had solid food and one liq- 
uid). In addition, the contents present in a large-bore 
gastric tube aspirate from three patients who subse- 
quently required cesarean delivery under general 
anesthesia were consistent with the previous ultra- 
sound results (two had had solid food and one 
liquid). 


Discussion 


Mendelson (1) first reported in 1946 the development 
of pneumonitis and death after the inhalation of 
vomitus in pregnant patients undergoing general 
anesthesia. Since that time, numerous reports on 
maternal morbidity and mortality have drawn atten- 
tion to this syndrome (5-7). 

The volume and acidity of aspirated vomitus have 
been identified in laboratory studies as important 
factors in determining the severity of the resulting 
pneumonitis (1,8). In addition, the presence of 
chunks of solid food within the aspirated vomitus is 
particularly dangerous. Aspiration of large chunks of 
food may result in mechanical obstruction of the 
airway, hypoxia, and death. One of the principles of 
anesthetic management is to consider all parturients 
at risk for aspiration of gastric contents because of 
delayed gastric emptying. The results of the present 
study using ultrasound to directly image solid food 
present in the stomachs of parturients confirm the 
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clinical impression that stomach emptying is delayed 
for many hours after the onset of labor. 

High-resolution ultrasonography permits the non- 
invasive measurement of gastric structure and con- 
tents, and this technique has been used by radiolo- 
gists to quantitate gastric motility in healthy 
volunteers (2-4). Under our study conditions, the 
empty stomach is not easily visualized on ultrasound. 
Using the technique described previously by Holt et 
al. (2), we were able to detect 2 oz of chewed food in 
the stomach. Furthermore, ultrasound was able to 
correctly identify full or empty stomachs in nonlabor- 
ing parturients fed known amounts of solid food and 
subjected to repeated examinations. In addition, the 
contents of gastric tube aspirate or vomitus, when 
present, was also found to be consistent with the 
results of a previous ultrasound scan in laboring 
parturients. However, further study using other pre- 
viously established techniques to measure gastric 
contents (e.g., endoscopy) will be required to validate 
this study and to determine the incidence of false- 
positive or false-negative ultrasound results. In our 
study, ultrasound did not permit quantitative evalu- 
ation of gastric volume, as ingestion of 1-2 cups of 
liquid was required to identify the stomach. In fact, 
with ultrasound we were unable to identify the 
stomach in approximately 40% of the parturients 
scanned, and these patients were excluded from the 
study. Perhaps these technically inadequate scans 
actually represented patients whose stomachs were 
empty, and our results overestimated the percent of 
patients in active labor with food present in their 
stomachs. Nevertheless, even if all of the unvisual- 
ized stomachs represented empty stomachs and 
were included in the study, nearly 30% of patients in 
active labor would still have solid food in their 
stomachs. 

In contrast to the results with parturients, under 
the conditions of our study, ultrasound was able to 
visualize the stomach contents of all of the nonpreg- 
nant volunteers examined. This effect is probably the 
result of the stomach being displaced upward by the 
gravid uterus such that the rib cage interferes with 
penetration of the ultrasound beam. The reduced 
ability of ultrasound to identify the stomach in par- 
turients will severely limit the clinical utility of this 
technique in pregnant patients. However, gastric 
ultrasound may be a useful technique to identify food 
in the stomachs of nonpregnant patients undergoing 
surgery after trauma, in diabetic patients with gastro- 
paresis, or in patients undergoing postpartum tubal 
ligation. In addition, this technique may be useful to 
measure the effects of pharmacologic interventions 
designed to improve gastric function in nonpregnant 
patients. 

In our study, nearly two-thirds of parturients in 
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active labor had solid food detected in their stomachs, 
independent of the time of last oral intake (see Table 
1). In fact, 16 parturients who had not eaten for 
8-24 h before gastric ultrasound had food detected in 
their stomachs (see Table 1). Each of these 16 patients 
reported the onset of painful contractions within 4 h 
of last ingesting solid foods, suggesting that gastric 
emptying of solid food slows after the onset of 
painful contractions (data not shown). However, 
retrospective data provided by parturients describing 
the time of onset of contractions or oral intake may 
introduce considerable error. Further prospective 
study of the relation between the onset of uterine 
contractions and gastric emptying is required to con- 
firm these preliminary observations. 

All parturients underwent gastric ultrasound 
within 1 h of the institution of epidural analgesia 
(using local anesthetic only). These patients were 
comfortable and cooperated with the examination. It 
is unlikely that epidural analgesia could be responsi- 
ble for solid food appearing again in the stomachs of 
parturients who had not eaten for many hours before 
the ultrasound examination. Epidural analgesia with 
local anesthetic has actually been shown to hasten the 
return of gastrointestinal tract function after abdom- 
inal surgery (9). In view of this effect, serial gastric 
ultrasound examinations were performed every 2 hin 
five additional (mean maternal age 26 + 7 yr; mean 
gestational age 37 + 8 wk) patients throughout the 
course of their labor (8-12 h) and up to 8 h post- 
partum. These scans demonstrated that despite effec- 
tive epidural analgesia, food was present in the 
stomach throughout labor; however, the food emp- 
tied rapidly (i.e., within 4-6 h) after delivery. Further 
studies will be required to determine whether epid- 
ural analgesia speeds gastric emptying in patients in 
active labor. 

Finally, it is not clear to what extent the presence 
of solid food in the stomach, demonstrated on 
gastric ultrasound, increases the risk of aspiration of 
gastric contents during anesthesia, as acidic gastric 
juice alone may cause severe pneumonitis (1,6,8). 
Our data do not permit measurement of gastric 
volume or acidity, and both of these factors may be 
increased in pregnant patients (6). Further studies 
will be required to determine the clinical significance 
of these radiographic findings in patients in active 
labor. 

In summary, the present study demonstrated that 
high-resolution ultrasonography is capable of nonin- 
vasively identifying the stomach contents of parturi- 
ents. These radiographic findings confirm the clinical 
impression that solid food remains in the stomach for 
many hours after the onset of labor. 
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Central venous catheterization for pressure monitor- 
ing and drug administration is often important in the 
anesthetic manage:ent of infants undergoing cardio- 
vascular surgery. We examined the effects of patient 
age, weight, and central venous pressure and the 
experience of the anesthesiologist on the rate of 
successful catheterization and catheterization time of 
the internal jugular vein (IJV) in a prospective study. 
We studied 106 infants undergoing IJV catheteriza- 
tion for cardiovascular surgery over a 7-mo period at 
our institution. We catheterized the IJV by the high 
approach. The direct venipuncture or the Seldinger 
method was used according to the patient’s weight. 
Overall successful catheterization rate was 97.2%, 
and the average catheterization time was 353 + 21 s 
(mean + sEM). Complications included arterial punc- 
ture in 12 cases (11.3%), hematoma formation in four 


entral venous catheterization for vascular 

pressure monitoring and drug therapy is often 

used for pediatric patients undergoing cardio- 
vascular surgery (1). Several sites, including the in- 
ternal or external jugular, antecubital, femoral, and 
subclavian veins, have been used for catheter place- 
ment. Among them, despite the several complica- 
tions reported (2-9), the internal jugular vein (IJV) is 
a useful and reliable site in children (10-13). The IJV 
technique is more difficult in infants than in adults 
(11), although successful catheterization in children 
has been shown not to be related to age, weight, 
height, or central venous pressure (11). Because 
many vatients with congenital heart disease also 
suffer from hypoxia or congestive heart failure, cen- 
tral venous catheterization should be performed 
speedily in such cases. However, the time required 


Accepted for publication December 6, 1991. 

Address correspondence to Dr. Hayashi, Anesthesiology Ser- 
vice, VA Medical Center, 3801 Miranda Avenue, Palo Alto, CA 
94304. 


688  Aresth Analg 1992;74:688-93 


cases (3.8%), and catheter malposition in two cases 
(1.9%), but pneumothorax was not observed. When a 
patient was younger than 3 mo or weighed less than 
4.0 kg, successful catheterization rate decreased sig- 
nificantly to 81.3% and 78.6%, respectively. Catheter- 
ization time was inversely correlated with both age 
and weight, whereas central venous pressure did not 
affect either successful catheterization rate or cathe- 
terization time. We were unable to demonstrate that 
the experience of the anesthesiologist plays a signif- 
icant role in the success or complication of the cath- 
eterization procedure. Our results indicate that IJV 
catheterization by the high approach is a reliable and 
useful technique in infants, and that the weight and 
age of the patient significantly influence the rate of 
successful catheterization. 

(Anesth Analg 1992;74:688-93) 


for catheterization in infants and the factors influenc- 
ing it have not previously been examined. Further- 
more, the experience of the person inserting the 
catheter may have a role (12-14). We sought to 
examine the time required for IJV catheterization in 
infants undergoing cardiovascular surgery and to 
determine whether patient factors such as age, 
weight, and central venous pressure influence cath- 
eterization time. We also analyzed the effect of oper- 
ator experience with this technique. 


Methods 


The protocol of this study was approved by our 
Human Ethical Committee and parental consent was 
obtained. One hundred six patients weighing less 
than 20 kg who underwent cardiovascular surgery 
from June 1990 through January 1991 were included 
in this study. The patients were aged between 10 
days and 7 yr (mean age, 25.5 mo). After induction of 
anesthesia and tracheal intubation, IJV catheteriza- 
tion was performed. The catheterization technique 
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Figure 1. Schematic representation of the landmarks used to locate 
the internal jugular vein and the puncture point. A, carotid artery; 
B, suprasternal notch; C, clavicle; D, mastoid process; E, the 
puncture point. 


we used was the high approach, which is similar to 
that reported by English et al. (12). A rolled towel was 
placed under the shoulders to extend the neck, and 
the patient was placed in the 15°-20° Trendelenburg 
position with the head turned away from the site of 
catheterization. Catheterization was performed at a 
site immediately lateral to the intersection of the 
carotid artery with a line running between the su- 
prasternal notch and the mastoid process (Figure 1). 
After antiseptic preparation of the neck, catheteriza- 
tion of the right IJV was attempted first. However, 
the left IJV was tried first in patients with dextrocar- 
dia or a right aortic arch. Catheterization was per- 
formed using one of two techniques, i.e., the direct 
venipuncture method (10) or the Seldinger method 
(11). Patients weighing more than 8 kg were generally 
catheterized by the direct venipuncture method; if 
the weight was under 8 kg, we usually used the 
Seldinger method. However, the final choice was 
made by the anesthesiologist managing the patient. 
In fact, eight patients weighing less than 8 kg 
were catheterized by direct venipuncture, and 13 
patients weighing more than 8 kg were treated by the 
Seldinger method. For the direct venipuncture 
method, we used an 18-gauge Medicut-UK-II-double- 
lumen catheter kit (Japan Sherwood, Tokyo, Japan). 
After pilot venipuncture with a 23-gauge needle 
to locate the IJV, we inserted a 16-gauge cannula 
over a needle attached to a 3-mL syringe and ad- 
vanced it caudally while maintaining continuous 
negative pressure with the syringe. When return of 
blood was observed or the cannula was thought to 
have advanced deeply enough to enter the IJV, the 
needle was removed and the cannula was attached 
to the syringe. Then the cannula was withdrawn 
slowly while maintaining continuous negative pres- 
sure with the syringe. When a satisfactory blood 
reflux was obtained, the double-lumen catheter was 
threaded through the cannula into the IJV and the 
cannula was withdrawn. For the Seldinger method, 
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we used an Arrow 4F double-lumen catheter kit 
(Arrow, Reading, Pa.). After pilot venipuncture as 
described above, the IJV was entered with a 22-gauge 
Angiocath cannula (Deseret, Sandy, Utah), a J-tipped 
guidewire was passed through the cannula, and then 
the cannula was removed. An 8-cm, 4F, double- 
lumen catheter was advanced over the guidewire into 
the IJV, and then the wire was removed. In both 
techniques, the catheter tip was advanced into a 
satisfactory position, and the catheter was sutured to 
prevent dislodgment. The catheter position was 
checked by a postoperative roentgenogram of the 
chest. Catheterization was performed by the anesthe- 
siologists in our institution, who were divided into 
three groups based on their clinical experience: (a) 
staff physician (SP) (six doctors, mean age = 34 yr) 
who had more than 6 yr of clinical experience; (b) 
senior resident (SR) (two doctors, mean age = 32 yr) 
who had undergone 1 yr of residency in our institu- 
tion after more than 2 yr of clinical experience; and (c) 
junior resident (JR) (four doctors, mean age = 29.5 yr) 
who had more than 2 yr of clinical experience and 
were familiar with the IJV catheterization in adults 
but had little experience in infants. Catheterization by 
a JR was always performed under the supervision of 
an SP. Age, weight, initial central venous pressure, 
catheterization time, the number of attempts until 
successful catheterization, and complications were 
recorded. The catheterization time was defined as the 
time from pilot venipuncture to suturing of the cath- 
eter. When arterial puncture occurred, when the 
catheterization site was changed, when 10 min of 
pilot venipuncture failed to locate the IJV, or when 
another anesthesiologist took over, the attempt was 
defined as abandoned and a new attempt was 
started. However, multiple percutaneous punctures 
at a single site were considered as a single attempt. In 
the case of arterial puncture, up to 5 min of compres- 
sion time was allowed before a new attempt was 
initiated. When the anesthesiologist was changed, a 
more experienced doctor always made the next at- 
tempt. In the present study, we examined the effect 
of the patient’s age, weight, and central venous 
pressure as well as the experience of the anesthesiol- 
ogists on the rate of successful catheterization and the 
catheterization time in infants. 

Data were expressed as the mean + sEM. The 
results of multiple groups were analyzed by one-way 
analysis of variance (ANOVA) or repeated measures 
analysis of variance as appropriate, and comparisons 
between groups were assessed by Scheffé’s test. The 
y test or Student's t-test for unpaired data was used 
as appropriate. P < 0.05 was considered statistically 
significant. 
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Table L Subject Data 


Age (mo) 25.5: 2.2 
Weight (kg) 8.76 + 0.42 
Height (cm) 76.6 + 1.7 
BSA (m°) 0.42 + 0.02 
Diagnosis 
Tetralogy of Fallot (n = 22) 
Ventricular septal defect (n = 22) 
Single ventricle (n = 9) 
Endocardial cushion defect (n = 8) 
Transposition of great arteries (n = 8) 
Tricuspid atresia (n = 6) 
Double-outlet right ventricle (n = 6) 
Other (n = 25) 
BSA, body surface area. y 
Values are expressed as mean + SEM. 
Table 2. Overall Complications 
Complication n (%) 
Arterial puncture 12 (11.3) 
Hematoma 4 (3.8) 
Catheter migration 2 (1.9) 
Pneumothorax 0 (0) 
Results 


The demographic data of the patients studied are 
shown in Table 1. The rate of successful catheteriza- 
tion for the first attempt was 78.3%, and the overall 
successful cannulation rate was 97.2% (103/106). The 
average number of attempts was 1.39 + 0.09 (mean + 
SEM). The average catheterization time was 353 + 
21 s. Catheterization of the IJV was unsuccessful in 
three cases. In these patients, central venous cathe- 
terization was performed by cannulation of the fem- 
oral vein or antecubital cutdown. Arterial puncture, 
including puncture by the locating needle, occurred 
in 12 patients (11.3%), and a hematoma developed 
in four patients (Table 2). No subsequent complica- 
tions after arterial puncture and hematoma develop- 
ment were observed. Roentgenographic examination 
showed that the catheter tip had migrated into the 
right subclavian vein in two patients. Pneumothorax 
was not observed in any patient (Table 2). Catheter- 
ization times with the direct venipuncture method 
and the Seldinger method were 250 + 24 and 450 + 
27 s, respectively, and the difference between these 
two values was statistically significant (P < 0.01). 
There was no difference between the demographic 
data of the patients in whom catheterization suc- 
ceeded or failed at the first attempt. 

The effects of age on the rate of successful cathe- 
terizaticn and catheterization time are shown in Table 
3. Catheterization was successful in all patients older 
than 3 mo, but failed in 3 of 16 patients younger than 
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Table 3. Effect of Age on the Rate of Successful 
Catheterization and Catheterization Time 


Age (mo) 
<3 3-12 12-24 >24 
(n = 16) (n = 24) (n = 22) (n = 44) 
Success rate (%)* 81.3 100 100 100 


Catheterization time (s) 448 + 49 410 + 47 373 + 48 284 + 27 


Values are expressed as mean + SEM. 
“Significant correlation with age multiples (P < 0.05). 


Table 4. Effect of Weight on the Rate of Successful 
Catheterization and Catheterization Time 


Weight (kg) 
<4 4-8 8-12 12-20 
(n = 14) (n = 36) (n = 32) (n = 24) 
Success rate (%)* 78.6 100 100 100 


Catheterization time (s) 478 + 51 397 + 35 344 + 41 242 + 28 


Values are expressed as mean + SEM. 
“Significant correlation with weight multiples (P < 0.05). 


Table 5. Comparison of Demographic Data, Rate of 
Successful Catheterization on the First Attempt, and 
Average Catheterization Time of Successful First 
Attempts Among the Three Groups of Anesthesiologists 


Anesthesiologist group 
SP (n = 37) SR (n = 31) JR (n = 38) 

Age (mo) 22.2+43 28.6+40  283+3.4 
Weight (kg) TI EDT 9.5 + 0.8 9.5 + 0.7 
Success rate on first 75.7 83.9 78.9 

attempt (%) 
Catheterization time of 360 + 37 248 + 32 401 + 37 

successful first 

attempt (s) 


SP, staff physicians; SR, senior residents; JR, junior residents; n, number 
of infants catheterized. 
Values are expressed as mean + SEM. 


3 mo (successful catheterization rate = 81.3%; P < 
0.05, X test). Catheterization time increased signifi- 
cantly as the age of the patients became younger (P < 
0.05, ANOVA). Similarly, the weight of the patient 
significantly affected the rate of successful catheter- 
ization and catheterization time (P < 0.05, x test and 
ANOVA, respectively). All patients weighing more 
than 4 kg were successfully catheterized (Table 4). 
Central venous pressure did not affect either the rate 
of successful catheterization or catheterization time. 

To evaluate the experience of the anesthesiologist, 
the rate of successful catheterization on the first 
attempt and the average catheterization time of suc- 
cessful first attempts were compared between the 
three groups of anesthesiologists (Table 5). The de- 
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Table 6. Relationship Between the Duration of Training and the Familiarity of Residents With the Catheterization Technique 


<2 mo 
(n = 18) 
Age of patient (mo) 24.3 + 4.5 
Weight of patient (kg) 8.7 + 0.9 
Success rate on first attempt (%) 77.8 
Catheterization time of successful 483 + 68 
first attempt (s) 


JR, junior residents; SR, senior residents. 
Values are expressed as mean + SEM. 


mographic data of the patients treated by the three 
groups of doctors were similar, although the patients 
in the SP group were somewhat smaller. The rate of 
successful catheterization on the first attempt did not 
differ between the three groups. Catheterization time 
of successful first attempts also was not significantly 
different, although the time of the JR group was 
longer than that of the SR group. The relationship 
between the duration of training at our institution 
and the rate of successful catheterization on the first 
attempt or catheterization time of successful first 
attempts is compared between JR and SR groups in 
Table 6. Although 4 mo of training produced a minor 
improvement in catheterization time of successful 
first attempts in the JR group, catheterization time of 
successful first attempts was not significantly differ- 
ent regardless of the training period. 


Discussion 


Central venous catheterization is commonly used for 
the anesthetic management of patients undergoing 
cardiovascular surgery (1), and the IJV approach has 
been widely used in both adult and pediatric patients 
(10-15). The present study confirmed that IJV cathe- 
terization by the high approach is a reliable technique 


even in infants. Both the rate of successful catheter-- 


ization and the catheterization time were related to 
the weight and age of the patients (Tables 3 and 4), 
whereas the experience of the anesthesiologist did 
not play a significant role in the success or complica- 
tion of the procedure (Tables 5 and 6). Indeed the 
catheterization time we used in this study has less 
clinical importance compared with the rate of suc- 
cessful catheterization, but it is a good parameter to 
evaluate familiarity with the technique. 

In previous reports (10,11), successful catheteriza- 
tion was not related to weight and the influence of 
age was not clear. When these factors were examined 
in detail, we found that the rate of successful cathe- 
terization decreased significantly when the age of the 


Period of training 


JR SR 
2—4 mo 47 mo >12 mo 
(n = 13) (n = 7) (n = 31) 

33.5 + 5.9 27.0 + 8.5 28.6 + 4.0 
10.7 + 1.2 9.7 + 1.7 9.5 + 0.8 
81.8 83.3 83.9 
367 + 31 260 + 48 248 + 32 


patient was under 3 mo or the weight was less than 
4 kg. We also examined the time required for cathe- 
terization. Although there are some reports on the 
catheterization time in adults (16,17), no study has 
provided information about the catheterization time 
for the IJV in infants. As described in Results, cathe- 
terization time was significantly longer with the 
Seldinger method than with the direct venipuncture 
method. In the present study, the weight of a patient 
was the criterion used for selecting the catheteriza- 
tion technique, so the catheterization time difference 
between the two methods would be related to the 
effects of age and weight. If speed is essential, direct 
venipuncture is generally preferable to the Seldinger 
method, but it would be somewhat risky to use a 
16-gauge needle on the neck of a small infant. From 
our experience, we believe that a weight of 8 kg is an 
appropriate cutoff point for applying direct venipunc- 
ture. Escarpa and Gomez-Arnau (16) reported that 
the average cannulation times by direct venipuncture 
and the Seldinger method were 28 and 142 s in 
adults, respectively. These times are much shorter 
than our results, perhaps partly owing to the differ- 
ent definitions of catheterization time used. 
Experience may play an important role in success- 
ful IJV catheterization in both adults and children 
(12,14). However, the current study demonstrated 
that experience contributed little to the success or 
complication of the technique in infants (Table 5), and 
also showed that the training period was not a 
significant factor for anesthesiologists familiar with 
IJV catheterization in adults to be able to apply the 
technique to infants (Table 6). When the rate of 
successful catheterization on the first attempt and the 
catheterization time of successful first attempts were 
compared between the SR and SP groups, we unex- 
pectedly found that the results for the SR group 
tended to be superior to those for the SP group (Table 
5). This is perhaps because the average size of the 
patients treated by the SP group was smaller than 
that for the SR group (Table 5). Considering that the 
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frequency of catheterization per doctor was 15.5 in 
the SR group and only 6.2 in the SP group, we 
suggest that facility with the technique is directly 
related to the frequency of performing catheteriza- 
tion. 

Many complications associated with IJV catheter- 
ization have been reported (2-9), and arterial punc- 
ture is one of the most common (1). In the present 
study, the incidence of arterial puncture was 11.3%, a 
rate higher than that of previous reports including 
both adult and pediatric patients (11,12,14). This 
seemed to do with the age of the patients we studied. 
Prince et al. (10) examined the complications of 
catheterization of the IJV in pediatric patients and 
reported 12 arterial punctures in 52 patients (23%), 
and the demographic data of the patients of their 
study were not so different from ours. Furthermore, 
Cote et al. (11) showed that IJV catheterization of 
pediatric patients by the high approach is more 
frequently associated with arterial puncture than 
catheterization by the low approach, and the inci- 
dence of arterial puncture by the high approach was 
8.5%. Thus our incidence of arterial puncture in 
infants may not be so high compared with these 
reports. The low approach then might be the better 
choice to reduce arterial puncture. However, pneu- 
mothorax associated with the low approach is a 
significant and sometimes fatal complication for in- 
fants with congenital heart disease (3,11). Further- 
more, if arterial puncture occurs with the low ap- 
proach, the clavicle can sometimes prevent firm 
direct compression at the puncture site and heparin- 
ization can lead to severe hemorrhage (4). Firm direct 
compression can be performed adequately in the case 
of accidental arterial puncture by the high approach. 
In fact, no serious sequelae were observed after 
arterial puncture with or without hematoma forma- 
tion in our study. For these reasons, the low ap- 
proach is not the method of choice in our hospital. In 
each case, we should indeed compare the two tech- 
niques to justify our choice, but it would be inappro- 
priate to perform the risky method in clinical situa- 
tions. Similarly, subclavian vein catheterization is not 
recommended, and the external jugular or antecu- 
bital veins should be selected to avoid complications 
(2). However, these approaches have a lower success 
rate and sometimes lead to catheter malpositioning 
(15). Overall, we propose that IJV catheterization by 
the high approach would be the best method for 
anesthetic management in infants undergoing cardio- 
vascular surgery. 

Two important problems arising out of these re- 
sults are how to decrease the frequency of arterial 
puncture during IJV catheterization in infants and 
how to improve the rate of successful catheterization 
in small infants who weigh less than 4 kg. Recently, 
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IJV catheterization under ultrasonic imaging with 
echocardiography has been recommended (18,19). 
Ultrasound is useful for distinguishing the carotid 
artery and IJV, so its application in infants may be 
expected to decrease the frequency of arterial punc- 
ture and to improve the success rate. 

In conclusion, IJV catheterization by the high ap- 
proach is a useful and reliable technique for infants 
undergoing cardiovascular surgery. With this tech- 
nique, both the rate of successful catheterization and 
the catheterization time were influenced by the age 
and weight of the patients. On the other hand, we 
were unable to demonstrate that the experience of the 
anesthesiologist plays a significant role in the success 
and complications of the procedure. 


We thank N. Nitaki, K. Ishida, and K. Yamanouchi for their 
assistance throughout this study. 
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Shortened Preanesthetic Fasting Interval in Pediatric 


Cardiac Surgical Patients 
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The recent liberalization of preoperative feeding or- 
ders in healthy pediatric outpatients prompts the 
question of whether this applies to children about to 
have cardiac surgery. The authors compared gastric 
fluid volume and pH in two groups of children 
undergoing elective cardiac surgery, one of which 
was not only permitted ad libitum clear liquids but 
was mandated to drink clear liquids 2-3 h before 
induction of anesthesia (study group). The other 
group followed routine inpatient preoperative fasting 
orders (control group). The study group (n = 44) 
averaged 3.1 + 4.1 yr and weighed 15.3 + 16.3 kg; the 
control group averaged 3.3 + 3.9 yr and weighed 14.3 
+ 12.1 kg (P = 0.82, 0.73, respectively). Aspiration of 
residual gastric fluid volume was attempted in all 
patients after induction of anesthesia. Gastric fluid 
volume averaged 0.6 + 0.9 mL/kg in the study group 
and 0.4 + 0.6 mL/kg in the control group (P = 0.13). 
Of the study patients, 41% had a measured gastric 


practices in healthy pediatric outpatients has 

shown no evidence that clear liquids consumed 
up to 2 h before induction of anesthesia adversely 
affect the volume or acidity of gastric fluid compared 
to children who fasted for longer intervals (1-3). 
Many anesthesiologists now allow pediatric outpa- 
tients to ingest clear liquids ad libitum until 2-3 h 
before induction of anesthesia. Inpatient surgical 
procedures, including cardiac surgery, are seemingly 
more stressful to patients and families. Thus, one 
worries that gastric emptying may be delayed and/or 
gastric acidity may be greater in inpatients. This 
combination of features would increase the risk of 
aspiration. Minimizing the duration of the preopera- 
tive fast could be seen as desirable in certain children 
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volume =0.4 mL/kg compared with 32% of the con- 
trol patients (P = 0.50). Of the 42 patients who had 
residual gastric fluid aspirated, pH determinations 
were completed on 37 aspirates; of these 19 of 20 
(95%) in the study group and 14 of 17 (82%) in the 
control group had a gastric pH =2.5. Using a linear 
analogue scale, parents rated- children in the study 
group to be more comfortable, less hungry, and less 
thirsty compared with the control patients (P = 0.004, 
0.002, 0.0001, respectively). The authors conclude 
that children scheduled for cardiac surgery may be 
allowed to drink clear liquids up to 2 h before 
induction of anesthesia without adversely affecting 
the volume of residual gastric fluid or the percentage | 
of patients with a pH <2.5. Ingestion of clear liquids 
by these children, as in healthy pediatric outpatients, 
appears to add no additional risk and makes the 
preoperative experience more pleasant. 

(Anesth Analg 1992;74:694-7) 


with congenital heart disease (polycythemic children, 
patients with single ventricle physiology). The con- 
cern that pulmonary aspiration of stomach contents 
might result in greater morbidity in children imme- 
diately after cardiac surgery has resulted in many 
anesthesiologists continuing to follow more conven- 
tional fasting guidelines in these children. No data 
exist to support either practice. This study examined 
the effects of liberal intake of clear liquids up to 2h 
before induction of anesthesia on gastric fluid volume 
and pH in infants and children scheduled for elective 
cardiac surgery. 


Methods 


The study was approved by our institutional review 
board, and written informed consent was obtained 
from parents. One hundred physical status ILIV 
pediatric inpatients scheduled for elective cardiac 
surgery were randomized to either a control or study 
group at the time of the preanesthetic visit by select- 
ing a sealed envelope containing either standard or 
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study feeding instructions. Patients were excluded 
from the study if (a) there was a history of gastroin- 
testinal disease or (b) the patient was on medication 
known to affect gastric contents. No solid food or 
nonclear liquids were allowed after 8 pm the evening 
before surgery for both groups. In the control group 
children were permitted but not required to ingest 
unlimited quantities of any clear liquid, defined as 
any liquid that can be seen through, including car- 
bonated beverages, following conventional rules for 
age: 4 h before induction of anesthesia for children 
<6 mo of age, 6 h for children 6 mo to 5 yr old, and 
8 h for patients >5 yr old. The study group was not 
only permitted ad libitum clear liquids until 2 h before 
induction of anesthesia but was required to drink 
within 2-3 h of induction. Children in the study 
group who refused clear liquids 2~3 h before induc- 
tion were excluded from the study. 

On the day of surgery, children in both groups 
were treated in an identical fashion. Ninety minutes 
before induction of anesthesia, children less than 
6 mo of age received oral preanesthetic medication 
consisting of oral atropine (0.02 mg/kg), patients 
between 6 and 12 mo of age received in addition 
pentobarbital (4 mg/kg), and those older than 1 yr 
also received meperidine (3 mg/kg). All premedicants 
were delivered in a total volume of 0.35 mL/kg. 
Anesthetic technique was dictated by the presence or 
absence of an intravenous catheter at the time the 
child arrived in the operating room. Patients with a 
catheter received fentanyl (10-20 g/kg) and pancu- 
ronium (0.2 mg/kg). Patients without an intravenous 
catheter in place had inhaled induction of anesthesia 
with halothane in nitrous oxide and oxygen followed 
by intravenous catheter placement and pancuronium 
(0.2 mg/kg). After nasotracheal intubation, gastric 
fluid was removed by gentle manual aspiration with 
a 60-mL syringe through a 14-18F Argyle Salem 
Sump catheter, depending on the size of the child. 
The position of the sump was confirmed by auscul- 
tation over the stomach and/or palpation of the 
catheter tip in the stomach. Aspirations were at- 
tempted while pressure was applied over the epigas- 
trium with the child supine and in both lateral posi- 
tions to maximize gastric emptying. Gastric fluid 
volume was noted, and if gastric fluid was obtained, 
its pH was measured on an Orion Research Digital 
Ionalyzer pH meter (model 601, Cambridge, Mass.) 
that was calibrated before each use. Age, weight, 
gender, fasting interval, physical status, cardiac pro- 
cedure, gastric fluid volume, and pH were recorded 
for each child. 

After the child’s departure to the operating room, 
the parents were asked to fill out a questionnaire. 
They were asked to respond to three statements: 
(1) “My child was comfortable in the hour immedi- 
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ately before going into the operating room,” (2) “My 
child was not hungry immediately before surgery,” 
(3) “My child was not thirsty immediately before 
surgery.” Responses were indicated by making a 
mark across a 10-cm line. At one end of the line was 
marked “agree strongly” and at the other “disagree 
strongly.” A score of 0-10 was assigned to each 
response, with 0 being the most positive response 
and 10 representing the lowest possible score. 

All results, with the exception of the parental 
responses to the questionnaire, are presented as the 
mean + sp. Interval data were compared using 
unpaired Student's t-test. The linear analogue scores 
and gastric fluid pH were compared using the Mann- 
Whitney U-test for nonparametric data. A y” analysis 
was used for nominal data. Differences were consid- 
ered significant when P < 0.05. We assumed the 
control group would have a mean gastric fluid vol- 
ume of 0.6 + 0.5 mL/kg based on our prior data (3). A 
sample size of 44 patients per group was selected to 
achieve 80% power of detecting a 50% change in 
gastric fluid volume at the 5% level of significance. 


Results 


Complete evaluations were collected for 91 patients: 
44 in the study group and 47 in the control group. 
Nine patients were excluded from analysis either 
because of failure of the study patients to ingest clear 
liquids within 2-3 h of induction or schedule changes 
resulting in deviation from the planned fasting inter- 
val. 

There were no significant differences between the 
groups with regard to age, weight, gender, physical 
status, or type of cardiac procedure (Table 1). The 
fasting interval for the study patients averaged 2.5 + 
0.5 h (range 1.7-3.5 h), and the fasting interval for the 
15 control patients under 6 mo of age averaged 8.5 + 
4.5 h (range 4-19 h), for the 23 patients between 6 mo 
and 5 yr it averaged 10.7 + 4.3 h (range 6-24 h), and 
for the 9 children over 5 yr it averaged 11.6 + 3.8h 
(range 7.5-14 h). All patients in both groups received 
the prescribed oral preanesthetic medication. 

Although an attempt was made to aspirate the 
stomachs of all patients, only 42 of the 91 patients had 
residual gastric fluid aspirated. Gastric fluid was 
obtained in 22 of the 44 study patients, and in 20 of 47 
children in the control group. Of the 42 aspirates, five 
were mishandled (two from the study group, three 
from the control group), thus pH determinations 
were made in 37 of the 42 patients where fluid was 
obtained. There were no significant differences be- 
tween the groups in the volume or pH of the residual 
gastric fluid, the percentage of patients with a gastric 
volume 20.4 mL/kg, the percentage of patients with 
a gastric fluid pH 2.5, or the percentage of patients 
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Table 1. Demographic Data 


Study Control P 
n 44 47 
Age (yr) 3.1 + 4.1 3.3 + 3.9 0.82 
Weight ikg) 15.3 + 16.3 14.3 + 12.1 0.73 
Male:female 22:21 24:23 
Physical status (%) 
ii 21 (48) 24 (51) 
Ul 22 {50) 22 (47) 
IV 1 (2) 1 (2) 
Cardiac procedure (%) 
Simplé open“ 18 (40) 18 (38) 
Complex open? 20 (46) 22 (47) 
Closed 6 (14) 7 (15) 
Fasting interval (h) 2.5 + 0.5 10.4 + 4.3 0.0001 
8.5 + 4.5 
(<6 mo) 
10.7 + 4.3 
(6 mo-S yr) 
11.6 + 3.8 
(>5 yr) 


“Clostre ventricular septal defect, atrial septal defect, total repair of 
tetralogy of Fallot, resectior of subaortic membrane, aortic valvuloplasty. 

*HemiFontan, Fontan, repair complete common atrioventricular canal, 
azterial switch for transposition of the great vessels. 


Table 2. Gastric Fluid Analysis 


Study Control P 

n 44 47 

Patients with residual gastric fluid 22 20 0.29 

volume“ 

Gastric fluid volume (mL/kg) 0.6 +09 04+0.6 0.13 
pH 2.0 +0.44 1.907 0.28 
Gastric fluid volume =0.4 mL/kg (%) 18 (41) 15 (32) 0.50 
Gastric pH 52.5 (%) 19 (43) 14 (30) 0.18 
Gastric pH =2.5 arid volume 15 (34) 12 (26) 0.25 


20.4 mL/kg (%) 


“No gastric fluid was aspirated from 22 of the study patients and 27 of the 
control padents. 


with both a gastric volume =0.4 mL/kg and a gastric 
pH =2.5 (Table 2). The gastric fluid volume was 0.4 + 
0.6 mL/kg (range 0-3.0 mL/kg) with a pH of 1.9 + 0.7 
in the control group and 0.6 + 0.9 mL/kg (range 
0-4.0 mL/kg) with a pH of 2.0 + 0.4 in the study 
patients. 

Questionnaires were completed by 40 of the 44 
parents of study patients (91%) and by 40 of the 47 
parents of the controls (85%). Parents of the study 
patients rated their children less thirsty and less 
hungry than did parents of the control group chil- 
dren, with a median score for thirst of 0.6 and for 
hunger of 1.5 in study children compared with a 
median score for thirst of 4.9 and for hunger of 4.6 in 
the control population (P = 0.0001, 0.002, respective- 
ly). Children in the study group were perceived by 
their parents to be more comfortable than were the 
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Figure 1. Distribution of scores from questionnaires completed by 
parents of the study (shaded bars) and control (black bars) patients 
after their child had been taken to the operating room. The 
responses to the questions were marked on a 10-cm line and 
measured to the nearest 0.1 cm to yield the linear analogue scale 
that is depicted on the abscissa. In all cases 0 was considered to be 
the best score and 10 the worst. A. Parents of the children in the 
study group rated their children less thirsty (median score = 0.6) 
than did parents of the control patients (median score = 4.9) (P = 
0.0001). B. Parents of the children in the study group rated their 
children less hungry (median score = 1.5) than did parents of the 
control patients (median score = 4.6) before surgery (P = 0.002). 
C. Parents of the study children found their children to be more 
comfortable (median score = 0.5) compared to the control patients 
(median score = 1.6) before departure to the operating room (P = 
0.004). 


control patients (Figure 1). There were no intraoper- 
ative anesthetic complications in any patient. 


Discussion 


The goal of fasting before induction of general anes- 
thesia is to reduce the risk of pulmonary aspiration of 
stomach contents by minimizing the gastric fluid 
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volume. Ideally one would like to accomplish this 
goal while avoiding preoperative dehydration, hypo- 
glycemia, and/or patient discomfort. Patients whose 
gastric fluid volume is large and whose gastric pH is 
low are believed to be at increased risk for aspiration 
(4,5). These risk factors are extrapolated from work 
done in rhesus monkeys because of the obvious 
problem of obtaining similar data in humans. Unfor- 
tunately, despite prolonged fasting, many children 
still have both risk factors (1-3,6,7). However, clini- 
cally important aspiration of stomach contents is a 
rare complication of anesthesia in pediatric patients 
(8,9). 

Data from adults indicate that clear liquids are 
emptied from the stomach rapidly with a half-time of 
10-20 min. If children empty clear liquids at the same 
rate, their stomachs should be essentially empty at 
the time of induction of anesthesia if they fast for six 
half-times (2 h). The data from several studies in 
healthy pediatric outpatients showed no evidence 
that clear liquids consumed up to 2 h before induction 
of anesthesia adversely affected either the volume or 
acidity of gastric fluid compared with the gastric 
contents of children who fasted for longer intervals 
(1-3). These findings have prompted anesthesiolo- 
gists to allow healthy outpatients to drink clear liq- 
uids until 2 h before induction of anesthesia. This 
change in practice has proven safe and has been 
perceived as resulting in a more acceptable preoper- 
ative experience for-both patients and their families 
(10,11). 

The liberalization of the preoperative feeding in- 
structions to include patients with congenital heart 
disease has many theoretical advantages including 
inducing anesthesia in a euvolemic patient, bypass- 
ing the need to administer glucose-containing paren- 
teral solutions intraoperatively, and eliminating the 
need for intravenous hydration at the time a poly- 
cythemic patient is made NPO. The potentially in- 
creased morbidity from pulmonary aspiration in this 
subset of patients requires knowing if these children 
have patterns of gastric emptying and gastric acidity 
similar to healthy outpatients. Our data are consis- 
tent with the findings in healthy outpatients and 
show no evidence that clear liquids consumed up to 
2 h before induction of anesthesia adversely affect the 
volume or acidity of the residual gastric fluid com- 
pared with the volume and acidity in patients with 
congenital heart disease who fast for considerably 
longer intervals. 

All children undergoing elective cardiac surgery at 
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our institution receive an oral preanesthetic medica- 
tion (given our prejudice that patients with congeni- 
tal heart defects should be sedated if not sleeping at 
the time of induction, coupled with the fact the oral 
preanesthetic medication used in this study has been 
shown to be as efficacious as intramuscular premed- 
icants) (12). 

This study presents data suggesting that children 
with congenital heart disease may safely drink clear 
liquids in close proximity to surgery, making their 
preoperative experience more pleasant without any 
additional risk. Further studies are needed in patients 
with congenital heart disease to determine if limiting 
the duration of the preoperative fast results in any 
objective hemodynamic or metabolic benefit. 


We thank the cardiac anesthesiologists and cardiac surgeons at The 
Children’s Hospital of Philadelphia for allowing their patients to 
participate in this study. We also thank David R. Jobes, Mp, for his 
editorial assistance. 
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Bupivacaine is more cardiodepressant than lidocaine. 
Nevertheless, the marked depression of contractility 
induced by bupivacaine cannot be completely ex- 
plained by its electrophysiologic properties alone. 
Biophysical differences such as the greater lipid sol- 
ubility of bupivacaine versus lidocaine must be taken 
into consideration. Perhaps more bupivacaine enters 
the cardiac cells and interacts with contractile pro- 
cesses. To test this hypothesis, the entry of lidocaine 
into the cells was facilitated by a membrane-permeant 
lipophilic anion, tetraphenylboron. We compared the 
spontaneous atrial rate and the contractile force of 
rabbit right atria bathing in solutions containing ei- 
ther 0.5 ug/mL lidocaine or bupivacaine. Group 1 (n 
= 8) served to test the stability of the preparation. In 
group 2 (n = 6), tetraphenylboron (17 ug/mL) was 
added to Tyrode’s solution; atrial rate was decreased 
by 8% and contractile force by 1.7%. In group 3 (n = 
6), bupivacaine (0.5 g/mL) was added; bupivacaine 


(1-11). From a biophysical point of view, bupi- 

vacaine has far more lipid solubility and shows 
more protein binding than lidocaine. This can partly 
explain their differences in potency and toxicity (12). 
From an electrophysiologic point of view, bupi- 
vacaine is a more potent inhibitor of the fast inward 
sodium current and therefore of the maximum up- 
stroke velocity (Vna) of fast action potentials of 
guinea pig ventricular papillary muscle than lidocaine 
(2,4). This can explain in part the difference in de- 
pression of myocardial contractility between these 
two local anesthetics (13). However, the decrease in 
V nax Of fast action potentials is not correlated with 
the decrease in contractility as Clarkson and Hon- 


Beare is more cardiotoxic than lidocaine 
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decreased atrial rate by 11.3% and markedly de- 
pressed contractile force by 68.3%. In group 4 (n = 6), 
lidocaine (0.5 g/mL) was added; lidocaine did not 
change atrial rate but decreased contractile force by 
6.0%. In group 5 (n = 6), both lidocaine and tetra- 
phenylboron were added; atrial rate was decreased 
by 15.5% and contractile force was markedly de- 
pressed by 81.1%. In group 6 (n = 6), 0.2 mM 
adenosine triphosphate, tetraphenylboron, and then 
lidocaine were added; the addition of adenosine 
triphosphate partially counteracted the cardiodepres- 
sant effects of the combination of lidocaine and tetra- 
phenylboron. Atrial rate was decreased by 10.4% and 
contractile force was depressed by 13.6%. The au- 
thors conclude that the mechanism of myocardial 
depression induced by bupivacaine can be explained 
at least in part by the easier access of bupivacaine into 
the myocardial cell. 

(Anesth Analg 1992;74:698-702) 


deghem illustrated for lidocaine and bupivacaine 
(14). Other mechanisms of bupivacaine-induced 
myocardial depression must therefore be involved. 
We previously reported that bupivacaine-induced 
myocardial depression in rabbit right atria is counter- 
acted when preparations are preincubated in adeno- 
sine triphosphate (ATP)-enriched solutions (15). It 
has also been demonstrated that bupivacaine impairs 
mitochondrial function (16). Therefore, because bupi- 
vacaine is more lipophilic than lidocaine (17), perhaps 
more bupivacaine enters the cardiac cell and conse- 
quently more bupivacaine interacts not only with 
cardiac sodium channels but also with contractile 
processes such as found related to sarcoplasmic retic- 
ulum and energy metabolism of mitochondria. The 
aim of the present study was to determine whether 
bupivacaine-induced myocardial depression is in part 
due to its intracellular interactions as a putative 
consequence of its biophysical properties. For that 
purpose, the entry of lidocaine into the cell was 
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Table 1. Stability of Control Preparation Expressed as Percent of Variation From Zero Time 


Control group 


(n = 8) 5 Min 10 Min 


L a IIIs 


Spontaneous rate 


% Decrease 0.5 0.9 

SEM 0.5 0.6 
Contractile force 

% Decrease 0.1 0 

SEM 0.1 0 


15 Min 20 Min 30 Min 60 Min 
0.9 0.9 0.9 0.9 
0.6 0.6 0.6 0.6 
0.3 0 0 0.3 
0.2 0 0 0.2 


I aaaammaaaaaaaaaaaaaaaaaaaaaalalalMlMlMl— 


facilitated by a membrane-permeant lipophilic anion, 
tetraphenylboron (16,18,19). Then, we compared the 
spontaneous rate and the contractile force of rabbit 
right atria bathing in solutions containing similar 
concentrations of lidocaine or bupivacaine. 


Methods 


To avoid any residual effects of the anesthetic on 
atrial performance, the rabbits were stunned and 
then killed by bleeding as previously described (15). 
The right atrium was excised and bathed, to maintain 
spontaneous activity, in 200 mL of modified Tyrode's 
solution composed of NaCl, 145 mM; KCI, 5.6 mM; 
CaCl,, 2.5 mM; glucose, 10.0 mM; and tris(hy- 
droxymethyl) aminomethane, 2.0 mM. The solution 
was adjusted to pH 7.45, saturated with oxygen, and 
maintained at 32°C. The principles for the care and 
treatment of experimental animals complied with the 
national guidelines of the French Ministry of Agricul- 
ture. 

Contractile force was measured using a microma- 
nometer fitted with an isometric strain gauge (Ugo 
Basile, MDI 5) and recorded on an oscilloscope (Tek- 
tronix, 502 Dual Beam). 

The overall study included six experimental 
groups. Group 1 (n = 8) served to evaluate the 
stability of the preparation. After a 3-h period to 
allow the atrial response to become stable, control 
measurements of spontaneous rate and contractile 
force were made during the next hour without addi- 
tion of drug. In all the following groups all the drugs 
were added to the Tyrode’s solution after the 3-h 
period of stability. In group 2 (n = 6), 17 g/mL 
(5 x 10° M) of tetraphenylboron was added. In 
group 3 (n = 6), 0.5 mg/mL of bupivacaine (1.8 x 
10 ° M) was added to the Tyrode’s solution. In group 
4 (n = 6), 0.5 ug/mL of lidocaine (2.2 x 107° M) was 
added. In group 5 (n = 6), both tetraphenylboron 
(17 wg/mL) and lidocaine (0.5 uwg/mL) were added to 
the solution; tetraphenylboron was added first 30 min 
before lidocaine administration. In group 6 (n = 6), 
preparations were incubated in the presence of 


0.2 mM ATP and 5 x 10° M tetraphenylboron 
30 min before administration of lidocaine. 

In group 2, contractile force and atrial rate were 
measured 30 min after addition of tetraphenylboron 
(0 min), and then at 5, 10, 15, 20, and 30 min. In 
groups 3-6, contractile force and atrial rate were 
measured immediately before (0 min) and 5, 10, 15, 
20, and 30 min after addition of lidocaine or bupi- 
vacaine. 

Each individual measurement was expressed as 
the percentage of change + sEM with respect to the 
value at 0 min. The significance of the differences 
between groups was determined by a repeated mea- 
sures analysis of variance design and Neuman-Keuls 
tests. A P < 0.05 was considered statistically signifi- 
cant. All the results were analyzed with a 1990 
version 6 SAS computer program (SAS Institute Inc., 
Cary, N.C). 


Results 


As previously described (15), stability of the prepara- 
tion was assessed in group 1. As shown in Table 1, 
frequency of contraction and inotropic response re- 
mained unchanged for a period of 1 h after the 3-h 
stabilization period. The other results are presented 
in Figures 1 and 2. 

Tetraphenylboron in group 2 induced a significant 
decrease in atrial rate (8% + 1.2% at 30 min, P < 0.05 
from 5 to 30 min). The maximum decrease in contrac- 
tile force induced by tetraphenylboron was only 1.7% 
+ 0.4%, but the comparison between group 2 and the 
control group was significant at 20 and 30 min (P < 
0.05). In greup 3, when bupivacaine was added to 
Tyrode’s solution, the atrial rate was significantly 
decreased (11.3% + 2.4% at 30 min, P < 0.05 from 5 
to 30 min), and the contractile force was markedly 
depressed (68.3% + 7.0% at 30 min, P < 0.05 from 5 
to 30 min). In contrast, lidocaine alone in group 4 did 
not change atrial rate (1.2% + 0.7% at 30 min). 
Lidocaine significantly decreased contractile force 
(6.0% + 1.2% at 30 min, P < 0.05 from 10 to 30 min). 

When lidocaine was added to Tyrode’s solution 
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Figure 1. Decreases in contractile force, expressed as percent 
contractile force in control preparations (+sEM). LIDO, lidocaine; 
TPB, tetraphenylboron; ATP, adenosine triphosphate. 


PERCENT 
OF CHANGE 


ATRIAL RATE 





Figure 2. Decreases in spontaneous atrial rates expressed as per- 
cent of spontaneous atrial rate in control preparations (+SEM). 
LIDO, lidocaine; TPB, tetraphenylboron; ATP, adenosine triphos- 
phate. 


containing tetraphenylboron (group 5), there were 


significant decreases in atrial rate (15.5% + 2.2% at 30 


min, P < 0.05 from 5 to 30 min) and a dramatic 
myocardial depression throughout the experimental 
period (81.1% + 1.9% at 30 min, P < 0.05 from 5 to 30 
min). Comparison between groups 5 and 2 (tetraphe- 
nylboron alone) shows that the combination of tetra- 
phenylboron and lidocaine induced significant de- 
creases in contractile force (P < 0.05 from 5 to 30 
. min). Comparison between group 4 (lidocaine alone) 
and group 5 shows that the combination of tetraphe- 
nylboron and lidocaine induced a significant depres- 
sion of both atrial rate and contractile force (P < 0.05 
from 5 to 30 min). In group 6, the addition of ATP in 
the solution containing tetraphenylboron plus 
lidocaine counteracted both the decrease in atrial rate 
(10.38% + 2.0% at 30 min) and the decrease in 
contractile force (13.6% + 2.2% at 30 min). However, 
differences between group 6 and the control group 
remained significant (P < 0.05 from 10 to 30 min). The 
comparison between groups 6 and 2 (tetraphenylbo- 
ron alone) shows no differences in atrial rate except at 
5 min (P < 0.05) and significant differences in con- 
tractile force from 10 to 30 min (P < 0.05). Differences 
in atrial rate between groups 6 and 5 (lidocaine + 
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tetraphenylboron) were significant at 5 min (P < 0.05) 
and differences in contractile force were significant 
throughout the study (P < 0.05). Finally, there were 
significant differences in atrial rate between groups 6 
and 4 (lidocaine alone) from 10 to 30 min (P < 0.05) 
and in contractile force at 30 min (P < 0.05). 

The comparison between bupivacaine alone 
(group 3) and lidocaine alone (group 4) shows signif- 
icant decreases in both atrial rate (P < 0.05 from 5 to 
30 min) and contractile force (P < 0.05 from 5 to 30 
min). The comparison of cardiodepression induced 
by bupivacaine in group 3 versus lidocaine plus 
tetraphenylboron in group 5 was not significant ex- 
cept for the contractile force at 30 min (P < 0.05). 


Discussion 


Lidocaine at a dose of 0.5 ug/mL slightly decreased 
cardiac function: the maximum decrease in contractile 
force was 6.0% and in spontaneous atrial rate 1.2% as 
compared with control values. In contrast, 0.5 ug/mL 
of bupivacaine markedly depressed cardiac function: 
mechanical performance of the myocardium was 
decreased by 68% and spontaneous atrial rate by 
11% as compared with control values. These results 
agree with those in the literature (1-11). The concen- 
trations of the local anesthetics we used were almost 
equimolar (bupivacaine 1.8 x 107° M vs lidocaine 
2,2 x 1076 M). Therefore, in these conditions, our 
results confirm that bupivacaine is more cardiotoxic 
than lidocaine in isolated rabbit right atria. 

Figure 1 indicates that there were three groups that 
exhibited a slight to moderate decrease in contractile 
force (tetraphenylboron, lidocaine, lidocaine plus te- 
traphenylboron plus ATP) and two groups that 
showed marked depression of contractile force (bu- 
pivacaine, lidocaine plus tetraphenylboron). Indeed, 
when tetraphenylboron was added to lidocaine, the 
myocardial depression induced by lidocaine was 
even more than that induced by bupivacaine. Tetra- 
phenylboron is a membrane-permeant anion (18,19). 
It is known to modify the configuration of all cellular 
membranes and their permeability (16). Tetrapheny]l- 
boron facilitates passage of lidocaine across cytoplas- 
mic and mitochondrial membranes (16). Because ad- 
dition of tetraphenylboron alone to Tyrode’s solution 
only depressed contractile force by 1.7%, the combi- 
nation of lidocaine plus tetraphenylboron enhanced 
entry of lidocaine into the cardiac cells and therefore 
lidocaine acted on intracellular sites similarly to bu- 
pivacaine. This can explain the potent myocardial 
depression induced by bupivacaine as well as by the 
combination of lidocaine plus tetraphenylboron. 
However, one could argue that the marked depres- 
sion induced by the combination of lidocaine and 
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tetraphenylboron might be due to a synergistic effect 
of the two drugs. Nevertheless, when ATP was 
added, the depression was less marked than with 
lidocaine plus tetraphenylboron without ATP. This 
suggests that the myocardial depression induced by 
the combination of lidocaine and tetraphenylboron 
was caused by the entry of more lidocaine into the 
cardiac cells. 

Clarkson and Hondeghem (2) demonstrated that 
lidocaine induces a fast-in, fast-out block of cardiac 
sodium channels, whereas bupivacaine induces a 
fast-in, slow-out block of cardiac sodium channels. 
This can explain the difference in electrophysiologic 
impairment induced by lidocaine versus bupivacaine 
but does not completely explain the difference in 
contractility depression. Another electrophysiologic 
mechanism could be involved in bupivacaine- 
induced myocardial depression: that is a more potent 
inhibition of the slow inward current induced by 
bupivacaine than by lidocaine. Coyle and Sperelakis 
(5) reported that the calcium inhibitory effect of 
bupivacaine in guinea pig papillary muscle is more 
marked than that of lidocaine. However, other stud- 
ies demonstrated only a weak calcium inhibitory 
effect induced by bupivacaine (4,20,21). In the same 
way, we previously demonstrated that a calcium- 
enriched solution failed to completely correct the 
decrease in contractile force induced by bupivacaine 
(15). Therefore, it seems unlikely that the calcium 
inhibitory effect could be the main mechanism of 
bupivacaine-induced myocardial depression. As bu- 
pivacaine is more lipophilic than lidocaine (17), per- 
haps more bupivacaine enters the cardiac cell than 
lidocaine, and once inside the cell bupivacaine would 
interact not only with cardiac sodium channel sites 
but also with sites involved in contractile processes 
such as the sarcoplasmic reticulum and/or energy 
metabolism (4,12,22-31). 

In conclusion, bupivacaine is a more potent cardio- 
depressive drug than lidocaine. Tetraphenylboron 
plus lidocaine induced impairment of contractile 
force similar to that induced by bupivacaine alone. 
The present study therefore suggests that the mech- 
anism of myocardial depression induced by bupi- 
vacaine is not only due to the kinetics of the block of 
cardiac sodium channels but also to increased entry 
of bupivacaine into cardiac cells. 
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The ability of clonidine and dobutamine to correct 
bupivacaine-induced cardiac electrophysiologic and 
hemodynamic impairment was evaluated in an ex- 
perimental electrophysiologic model on closed- 
chest dogs. Five groups (n = 6) of pentobarbital- 
anesthetized dogs were given atropine (0.2 mg/kg 
IV). Group 1 was given a saline solution; all other 
dogs were given bupivacaine (4 mg/kg IV) over a 10-s 
period. Group 2 was given only bupivacaine. Group 
3 was given clonidine (0.01 mg/kg IV) over a 1-min 
period. Group 4 was given a dobutamine infusion at 
5 we-kg '-min™!. Group 5 was given the combination 
of clonidine and dobutamine. Bupivacaine induced 
bradycardia, prolonged atrioventricular conduction 
time (PR interval), atrioventricular node conduc- 
tion time (AH interval), His-Purkinje conduction time 
(HV interval), and QRS duration. Bupivacaine 
decreased left ventricular (LV) dP/dt max and in- 


creased LV end-diastolic pressure (LVEDP). Cloni- 
dine improved QRS duration and HV interval but 
enhanced AH interval, bradycardia, and hemody- 
namic depression induced by bupivacaine. Dobu- 
tamine infusion improved LV dP/dt max but did not 
modify bupivacaine-induced ventricular electrophys- 
iologic impairment. The combination of clonidine and 
dobutamine corrected not only the electrophysiologic 
impairment induced by bupivacaine but also the 
hemodynamic depression. As the HV interval and 
the ORS duration could be correlated with ventricular 
conduction velocities, we conclude that (a) clonidine 
reversed the slowing of ventricular conduction veloc- 
ities induced by bupivacaine, and (b) the combination 
of clonidine and dobutamine was able to correct the 
cardiac disturbances induced by bupivacaine in anes- 
thetized dogs. 

(Anesth Analg 1992;74:703-11) 





ince Albright’s (1) editorial reporting of cardiac 

deaths by arrhythmias or cardiovascular col- 

lapse induced by high doses of etidocaine or 
bupivacaine, many investigations have been per- 
formed to determine how to resuscitate these pa- 
tients. Briefly, Moore et al. (2,3) recommended ad- 
ministering oxygen first and then stopping the 
convulsions with pentobarbital. Moore and Scurlock 
(4) suggested a possible role of epinephrine in the 
correction of myocardial depression. Most protocols 
for resuscitation of bupivacaine-induced cardiotoxic 
accidents are based on animal studies. Lidocaine has 


Presented in part at the Annual Meeting of the American 
Society of Anesthesiologists, October 1990, Las Vegas, Nevada. 

Accepted for publication January 21, 1992. 

Address correspondence to Dr. Sassine, Laboratoire de Physi- 
ologie Cardio-Vasculaire, Faculté de Médecine de Montpellier, 
Boulevard Henri IV, 34060 Montpellier Cedex, France. 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


been proposed to treat ventricular arrhythmias (5,6). 
Kasten and Martin (7) demonstrated that bretylium is 
more efficient than lidocaine. In 1985, these authors 
demonstrated (8) that the combination of bretylium 
and epinephrine easily resuscitates anesthetized 
dogs. Bernards et al. (9) confirmed these results in 
pigs. Nevertheless, a recent case report (10) showed 
that the combination of bretylium and epinephrine 
failed to resuscitate a bupivacaine-induced cardiac 
arrest. More recently, Haasio et al. (11) showed that 
bretylium was inefficient in resuscitating hypoxic and 
hypercarbic pigs. 

In our study, a new approach to the problem was 
used. Bupivacaine depresses both cardiac electro- 
physiology and hemodynamic status. The main elec- 
trophysiologic disturbance is a potent inhibition of 
the fast inward current (12). This inhibition induces a 
slowing of ventricular conduction velocities, which 


Anesth Analg 1992;74:703-11 703 


704 REGIONAL ANESTHESIA AND PAIN MANAGEMENT 
REVERSAL OF BUPIVACAINE CARDIOTOXICITY 


are well known to induce reentry, and, consequently, 
ventricular arrhythmias (13). Therefore, it does not 


seem logical to treat bupivacaine cardiotoxicity with - 


another antiarrhythmic drug (14). As in our labora- 
tory we previously observed that clonidine slightly 
shortens the variables of ventricular conduction ve- 
locities represented by the HV interval and QRS 
duration in anesthetized dogs, we first tested the 
hypothesis that clonidine was able to reverse the 
slowing of ventricular conduction velocities induced 
by large doses of bupivacaine. The hemodynamic 
disturbances induced by bupivacaine are mainly 
caused by the depression of myocardial contractility 
(15). Moreover, clonidine impairs myocardial contrac- 
tility. As it is well established that epinephrine facil- 
itates the occurrence of arrhythmias, we next tested 
the hypothesis that dobutamine was also able to 
reverse the hemodynamic depression induced by 
bupivacaine or bupivacaine and clonidine. Therefore, 
the aim of the present study was to verify whether 
clonidine or dobutamine alone or in combination was 
able to reverse both electrophysiologic and hemody- 
namic disturbances induced by a large dose of bupi- 
vacaine in anesthetized dogs. 


Methods 
Animal Preparation 


We used an experimental electrophysiologic model 
on closed-chest dogs anesthetized with sodium pen- 
tobarbital (16,17). Thirty mongrel dogs of either gen- 
der, weighing 10-15 kg, were anesthetized with so- 
dium pentobarbital (40 mg/kg IV). The trachea was 
then intubated, and the dogs were mechanically 
ventilated with room air (74052, B. Braun, Germany). 
Body temperature was maintained at 38 + 0.5°C with 
an MR 450 rewarming humidifier device (Fisher and 
Paykel Ltd., New Zealand). 

The instrumentation of the animals was as previ- 
ously described (18). Electrocardiographic (ECG) re- 
cordings were taken from standard lead I. A 6F 
bipolar electrode catheter (USCI, C.R. Bard, Billerica, 
Mass.) was introduced via the femoral vein under 
fluoroscopy into the right ventricle, close to the 
interventricular septum near the tricuspid valve to 
record the His bundle electrogram (17). Drugs were 
administered through a 7F double-lumen venous 
catheter (Becton Dickinson, Sandy, Utah) in the con- 
tralateral femoral vein. A 5F Teflon catheter (Plas- 
timed, France) was inserted into the femoral artery 
and advanced into the descending aorta to monitor 
mean aortic pressure (MAoP) (P10 EZ pressure trans- 
ducer, Gould, Oxnard, Calif.) and to withdraw blood 
samples to verify blood gas stability (pH > 7.35, Pao, 
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> 80 mm Hg, Paco, < 40 mm Hg) and for the assay 
of plasma bupivacaine levels. The contralateral fem- 


oral artery was cannulated with a 5F high-fidelity 


micromanometer (Millar Instruments, Houston, Tex.) 
that was advanced into the left ventricle under fluo- 
roscopy to measure left ventricular pressures. The 
duration of the animal preparation was about 30 min. 


Measurements 


The following electrophysiologic measurements (ex- 
pressed in ms) were made: cardiac cycle length (RR 
interval), PR interval measured from the onset of the 
P wave to the Q wave of the QRS complex, AH 
interval measured from the onset of the atrial depo- 
larization to the His bundle electrogram of the en- 
docavitary lead, HV interval measured from the His 
bundle electrogram of the endocavitary lead to the Q 
wave of the ECG lead I, and ORS duration. The 
following hemodynamic variables were measured: 
MAoP (mm Hg), left ventricular end-diastolic pres- 
sure (LVEDP) (mm Hg), and the peak of first deriv- 
ative of left ventricular pressure (LV dP/dt max) (mm 
He/s) as an index of contractility (19) derived with a 
Gould differentiator. All these variables were re- 
corded on an ES 1000 polygraph (100 mm/s) (Gould). 
The plasma concentration of bupivacaine was deter- 
mined by high-pressure liquid chromatography (20- 
22); Pao, Paco, pH, and acid-base status were 
measured from arterial blood samples (Instrument 
Laboratory 1306 pH/blood gas analyzer, Italy). 


Experimental Protocol 


Five groups of six dogs each were studied. In each 
animal, a 30-min period was allowed to verify the 
stability of the preparation. Each animal was then 
given atropine sulfate (0.2 mg/kg IV) to prevent vagal 
reactivity on sinus and atrioventricular nodes. This 
dose of atropine has been demonstrated to com- 
pletely inhibit cardiac responses to stimulation of the 
cervical vagus nerves (23). As previously described 
(24), atropine does not modify the electrophysiologic 
and mechanical changes induced by bupivacaine. 
The first group was the control group (group 1), 
which served to determine the stability of the 
model; these dogs were given a saline solution only 
(3.5 mL-kg~'-h7?, IV). Each of the other four groups 
received the same saline solution and bupivacaine 
(4 mg/kg IV) (Bupivacaine HCl 0.5%, R. Bellon, 
France) over a 10-s period, 5 min after atropine 
injection. We previously reported (25) that this dose 
of bupivacaine induces a marked myocardial depres- 
sion and major electrophysiologic changes without 
causing cardiovascular collapse or immediate cardiac 
death. Group 2 was given bupivacaine only. Group 3 
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was given clonidine (0.01 mg/kg IV) over a 1l-min 
period, 1 min after the end of the bupivacaine 
administration. In group 4, a continuous infusion 
of dobutamine (5 wg-kg '-min +) was given from the 
third to the 30th minute after bupivacaine adminis- 
tration through the specific lumen of the double- 
lumen catheter with an electrical syringe (Braun 
871012). Group 5 was given both clonidine and dob- 
utamine according to the schedules just described for 
groups 3 and 4. 

For group 1, electrophysiologic and hemodynamic 
data were measured before the administration of 
atropine sulfate, 5 min thereafter (0 min), and then at 
1, 2, 3, 4, 5, 10, 15, and 30 min. For the other groups, 
electrophysiologic and hemodynamic variables were 
recorded before the administration of atropine sulfate 
and 5 min after atropine administration just before 
bupivacaine administration (0 min, baseline). Then, 
measurements were made 1, 2, 3, 4, 5, 10, 15, and 
30 min after the end of bupivacaine administration. 
Arterial blood samples were withdrawn before and at 
the end of bupivacaine injection, and then 3, 15, and 
30 min later. 


Data Analysis 


Results are expressed as mean values + sEM. Group 2 
was compared with the control group (group 1) at 
each time for each variable to test the effects of 
bupivacaine on the experimental model. Data from 
groups 3, 4, and 5 were each compared with those of 
group 2 to test the effects of clonidine and dobu- 
tamine alone or in combination on each variable at 
each time. Finally, group 5 (clonidine + dobutamine) 
was compared with group 3 (clonidine) and with 
group 4 (dobutamine) to test the effects of the com- 
bination of clonidine and dobutamine versus cloni- 
dine alone and dobutamine alone. 


Statistical Analysis 


The stability of each variable over time was verified in 
the control group by using the Kruskal-Wallis test. 
The comparison among the groups was performed 
with the Kruskal-Wallis test, followed by the Mann- 
Whitney test for comparisons between groups, and 
completed with Bonferroni's correction. Statistical 
analysis was performed using the differences from 
the baseline value to reduce systematic variations 
between animals. Values of P < 0.05 were considered 
to indicate statistical significance. All the results were 
analyzed with a 1983 BMDP computer program. 
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Results 


In the control group (group 1), each measured vari- 
able remained stable over the time span measured 
(30 min), as there were no statistically significant 
differences between each variable measured at 0, 1, 2, 
3, 4, 5, 10, 15, and 30 min (Table 1). 


Effects of Bupivacaine Alone 


From the comparison between variables in the control 
group (group 1) and the bupivacaine group (group 2), 
it appeared that bupivacaine induced significant 
bradycardia; prolonged the PR (>50%), AH (>30%), 
and HV (>100%) intervals; and caused a significant 
widening (>100%) of the QRS complex (Table 1). 
Bupivacaine also impaired the hemodynamic varia- 
bles (Table 1), (i.e., it decreased >50% LV dP/dt max 
and increased >50% LVEDP). Bupivacaine decreased 
MAoP, yet the change was not significant. Similar 
effects of bupivacaine were observed in groups 3, 4, 
and 5 at 1 min. 


Effects of Clonidine After Bupivacaine 


Comparison between group 2 (bupivacaine) and 
group 3 (bupivacaine + clonidine) shows that after 
bupivacaine injection, clonidine significantly briefly 
(2 min) shortens the PR interval (Figure 1), decreases 
ORS duration (3-5 min), and shortens the HV inter- 
val (3-5 min) (Figure 2). Clonidine significantly en- 
hances bupivacaine-induced bradycardia at 10 and 
30 min and the AH interval from 4 to 30 min (Figure 
1). Although MAoP and LV dP/dt max (Figure 3) 
were worsened by clonidine, the cardiac depression 
was not significant. 


Effects of Dobutamine After Bupivacaine 


When compared with group 2 (bupivacaine only), in 
group 4 dobutamine significantly increased LV dP/dt 
max (Figure 3). However, there was no difference in 
either the electrophysiologic variables (Figures 1 and 
2) or MAoP and LVEDP over time between groups 4 
and 2. 


Effects of Clonidine Plus Dobutamine After 
Bupivacaine 


Comparison between group 5 (clonidine and dobu- 
tamine) and group 2 (bupivacaine alone) shows that 
the combination of clonidine and dobutamine signif- 
icantly improves the PR (Figure 4) and HV intervals, 
decreases the QRS duration previously impaired by 
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Table 1. Comparison of Cardiac Variables Between Group 1 (Control Group) and Group 2 (Bupivacaine Group) 








LV dP/dt 
RR PR AH HV QRS MAoP max LVEDP 
Time (ms) (ms) (ms) (ms) (ms) (mm Hg)  (mmHgs) (mm Hg) 
A-Min 
Group 1 312.5 + 24.2 86.7 + 4.9 50.0 = 2.6 25.3 222 62.0 + 2.6 106.7 + 6.1 1358.3 + 155.7 5.0 + 0.8 
Group 2 440.0 + 45.0 92.1 + 4.2 56.6 + 5.0 27.5 + 1.8 59.7 + 2.1 104.5484 1712.5 + 175.3 9.2 + 1.2 
C Min 
Group 1 305.8 + 20.1 87.5 + 4.6 56.2 + 2.6 25:3 2 22 62.0 + 2.6 107.0 + 6.2 1391.7 + 152.4 4.2 + 0.9 
Group 2 412.5 + 41.2 88.3 + 3.3 53.3 £25 27.5 1.8 §9.7 + 2.1 107.3 + 10.6 1725.0 + 169.7 9.0+1.0 
1 Min 
Group 1 305.8 + 20.1 87.5 + 4.6 56.2 £+ 2.6 25.3222 62.0 + 2.6 105.8 + 6.5 1391.7 + 144.0 47 +05 
Group 2 479.2 + 43.8 138.0 + 4.6 69.5 + 3.7 62.2 + 4.0 118.3 + 9.7 95.74 16.3 737.5 + 92.6 Bre25 
P 0.002 0.002 0.002 0.002 0.002 0.004. 
2 Min 
Group 1 305.8 + 20.1 87.5 + 4.6 56.2 + 2.6 25.9. 2:2 62.0 + 2.6 107.5 + 5.4 1391.7 + 161.0 4.3 + 0.6 
Group 2 496.7 + 47.2 140.5 + 5.9 72.5 £ 3.6 63.0 + 3.6 121.7 + 11.7 90.8 + 13.3 783.3 + 74.9 13.7 + 2.3 
P 0.002 0.002 0.002 0.002 0.002 0.094 0.03 
3 Min 
Group 1 305.8 + 20.1 87.5 + 4.6 56.2 + 2.6 2322 62.0 + 2.6 106.7 + 6.0 1416.7 + 147.6 5.0 + 0.6 
Group 2 499.2 + 48.2 140.5 + 5.9 725: 23.6 62.5 + 3.6 121.7 = L7 96.0 + 12.1, 816.7 + 86.3 13.7 + 2.0 
P 0.002 0.002 0.002 0.002 0.002 0.004 0.01 
4 Min 
Group 1 307.5 + 20.2 87.5 + 4.6 56.2 + 2.6 25.9 % 2.2 62.0 + 2.6 108.2 + 5.9 1375.0 + 140.7 4.8 + 0.6 
Group 2 503.3 + 49.7 140.5 + 5.9 72.9 23.6 62.5 + 3.6 120.8 + 12.0 94.2 + 11.6 816.7 + 78.2 13.2 + 1.9 
P 0.003 0.002 0.002 0.002 0.002 0.004 0.03 
5 Min 
Group 1 310.0 + 19.7 87.5 + 4.6 56.2 Ł 2.6 25.3 = 2.2 62.0 + 2.6 108.8 + 6.8 1366.7 + 137.6 5.0 = 0.7 
Group 2 506.7 + 51.9 137.5: 25.7 11,733. 60.0 + 4.3 118.3 + 11.4 95.0 + 10.2 883.3 + 77.1 42.9 130 
P 0.003 0.002 0.002 0.002 0.002 0.004 
10 Min 
Group 1 309.2 + 16.0 87.5 + 4.6 56.2 + 2.6 Zo 22 62.0 + 2.6 107.8+6.0 1366.7 + 133.3 5.5 + 0.6 
Group 2 495.8 + 52.2 129.5 + 6.2 70:3 £:3.5 52.5 4 3.8 100.8 + 10.4 97.5 + 9.4 941.7 + 61.1 13.0 + 1.6 
P 0.004 0.002 0.002 0.002 ` 0.002 0.004 
15 Min 
Group 1 309.2 + 15.9 86.7 + 4.6 56.2 + 2.6 29:3 £ 2.2 62.0 + 2.6 108.0 + 6.3 1383.3 + 149.8 4.2 + 0.5 
Group 2 487.5 + 54.1 118.3 + 7.0 68.0 + 3.6 45.0 + 4.8 $0.8 + 8.1 100.0 + 10.3 1008.3 + 72.4 10.7 + 1.6 
P 0.004 0.003 0.002 0.002 0.002 0.004 
30 Min 
Group 1 309.2 + 16.0 86.7 + 4.6 56.2 + 2.6 25.3 + 2.2 62.0 + 2.6 110.7 + 6.0 1416.7 + 120.2 5.2 + 0.3 
Group 2 481.7 + 59.1 112.0 + 5.7 64.2 + 3.5 41.7 + 4.6 82.8 + 5.1 104.7 + 9.0 1350.0 + 110.3 9.8 + 1.8 
P 0.005 0.003 0.002 0.002 0.002 0.02 


A-min, before atropine administration; RR, sinus cycle length; PR, atrioventricular conduction time; AH, atrioventricular node conduction time; HV, 
His-Purkinje conduction time; QRS, QRS duration; MAoP, mean aortic pressure; LVdP/dt max, peak of first derivative of left ventricular pressure; LVEDP, left 
ventricular end-diastolic . 

Statistica] analysis was performed using the differences from baseline values. 

Data are expressed as mean values + SEM. 


bupivacaine (Figure 5), and increases LV dP/dt max 
(Figure 6). Moreover, the combination of clonidine 
and dobutamine was more efficient than clonidine 
alone in bringing about these effects. Comparison 
between group 5 (clonidine + dobutamine) and 
group 3 (clonidine) shows a significant difference in 
the changes of the RR interval (10 and 15 min, P = 
0.023; 30 min, P = 0.038) and AH interval (10 and 
15 min, P = 0.020; 30 min, P = 0.030), and of MAoP 
(group 5 vs group 3: 103.7 + 12.4 vs 69.7 + 
11.8 mm Hg, respectively, P = 0.039 at 4 min; 107.5 + 
8.5 vs 67.7 + 12.7 mm Hg, respectively, P = 0.023 at 


5 min; 130.8 + 19.3 vs 65.5 + 7.7 mm Hg, respec- 
tively, P = 0.039 at 10 min after the end of bupiv- 
acaine administration), and of LV dP/dt max (5, 10, 
15, and 30 min, P = 0.023). The combination of 
clonidine and dobutamine was more efficient than 
dobutamine alone in bringing about these effects. 
Comparison between group 5 (clonidine + dobu- 
tamine) and group 4 (dobutamine) indicated a signif- 
icant difference in PR interval (10 min, P = 0.038; 
15 min, P = 0.022; 30 min, P = 0.046) and HV interval 
(3 min, P = 0.023; 10 min, P = 0.037; 15 min, P = 
0.023) and QRS duration (2 min, P = 0.046; 3 min, 
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Figure 1. Effects of bupivacaine (@) (group 2), bupivacaine + 
clonidine (O) (group 3), and bupivacaine + dobutamine (A) (group 
4) on the electrophysiologic variables (RR, PR, and AH intervals). 
Data are expressed as mean values + sEM. Statistical analysis was 
performed using the differences from baseline values. RR: compar- 
ison between group 2 and groups 3 and 4, respectively, shows a 
statistically significant difference only between group 2 and group 
3 in that clonidine increased the RR interval (10 min, P = 0.023; 
30 min, P = 0.03). PR: comparison between group 2 and group 3 
shows that clonidine significantly decreased the PR interval at the 
end of clonidine administration (2 min, P = 0.047). AH: compari- 
son between group 2 and group 3 shows that clonidine signifi- 
cantly enhanced bupivacaine-induced AH lengthening (4 and 
5 min, P = 0.02; 10, 15, and 30 min, P = 0.03). 


P = 0.021; 4 min, P = 0.048; 10 min, P = 0.020; 
15 min, P = 0.023). 


Plasma Bupivacaine Levels and Blood Gas Analysis 


Plasma bupivacaine levels are shown in Table 2. 
There were no statistically significant differences in 
plasma bupivacaine levels among groups 2-5. Fur- 
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Figure 2. Effects of bupivacaine (@) (group 2), bupivacaine + 
clonidine (O) (group 3), and bupivacaine + dobutamine (A) (group 
4) on the variables of ventricular conduction velocities (HV interval 
and QRS duration). Data are expressed as mean values + SEM. 
Statistical analysis was performed using the differences from 
baseline values. HV: comparison between group 2 and group 3 
shows that clonidine significantly decreased the HV interval 
(3 min, P = 0.019; 4 min, P = 0.020; 5 min, P = 0.022). QRS: 
comparison between group 2 and group 3 shows that clonidine 
significantly decreased QRS duration (3, 4, and 5 min, P = 0.023). 


thermore, no hypoxia, acidosis, or hypercarbia was 
observed in any group given bupivacaine at any time 
(Table 3). 


Discussion 


This study demonstrates that the combination of 
clonidine and dobutamine efficiently corrected both 
electrophysiologic impairment and myocardial de- 
pression induced by a high dose of bupivacaine in 
anesthetized dogs. All dogs were given a single dose 
of pentobarbital. This drug protects against episodes 
of convulsions that can accentuate direct bupiv- 
acaine-induced cardiotoxicity by inducing hypoxia 
and acidosis (2,26-29). Moreover, the central nervous 
system can partially mediate bupivacaine cardiotox- 
icity (30-32). Nevertheless, the lethality of bupiv- 
acaine is mainly due to cardiotoxicity. In addition, 
with the combination of pentobarbital and atropine 
(control group), the electrophysiologic and hemody- 
namic variables remained stable throughout the ex- 
periment. The comparison between the control group 
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Figure 3. Effects of bupivacaine (@) (group 2), bupivacaine + 
clonidine (O) (group 3), and bupivacaine + dobutamine (A) (group 
4) on the variables of ventricular contractile performance: peak of 
first derivative of left ventricular pressure (LV dP/dt max) (mm 
He/s) and left ventricular end-diastolic pressure (LVEDP) (mm 
Hg). Statistical analysis was performed using the differences from 
baseline values. LV dP/dt max: there were no statistically signifi- 
cant differences between group 2 and group 3. Comparison be- 
tween group 2 and group 4 shows that dobutamine significantly 
increasec. LV dP/dt max (10 min, P = 0.030; 15 min, P = 0.023). 
LVEDP: there were no statistically significant differences among 
groups 2-4. 


and the group given bupivacaine (4 mg/kg IV) alone 
showed that bupivacaine induced bradycardia, atrio- 
ventricular block (PR lengthening >50%), and intra- 
ventricular block (QRS widening >100%). These ECG 
disturbances have been reported in the literature 
(25,33-37); LV dP/dt max was also dramatically re- 
duced, and LVEDP increased. In contrast, MAoP 
decreased but to a lesser extent. These phenomena 
have been reported in the literature for humans (38) 
and for anesthetized (39) or conscious animals (40). 
Moreover, the bupivacaine plasma concentrations 
were in the toxic range at the end of bupivacaine 
injection in groups 2-5. Therefore, we can conclude 
that the model we used was adapted to the experi- 
mental situation. 

In group 3, clonidine significantly improved the 
ventricular electrophysiologic parameters. The HV 
interval and QRS duration are known to be directly 
correlated with the His-Purkinje conduction velocity 
and ventricular conduction velocity, respectively 
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Figure 4. Effects of bupivacaine (@) (group 2) and bupivacaine + 
clonidine + dobutamine (O) (group 5) on the electrophysiologic 
variables: RR interval (RR: nonsignificant), PR interval (PR: 10 min, 
*P = 0.023; 15 and 30 min, *P = 0.022); and AH interval (AH: 
nonsignificant). Data are expressed as mean values + sem. Statis- 
tical analysis was performed using the differences from baseline 
values. 


(17,41). Our results suggest that clonidine restored all 
these conduction velocities. Moreover, it is well es- 
tablished that the main mechanism of ventricular 
arrhythmias induced by local anesthetics is the slow- 
ing of ventricular conduction velocities (12,42,43), 
inducing reentry phenomenon (13,44). Indeed, with 
ventricular mapping in anesthetized dogs given 
lidocaine, Anderson et al. (43) demonstrated that 
ventricular tachycardias are induced at high plasma 
levels of lidocaine. These authors also reported that 
activation patterns obtained just before the onset of 
ventricular tachycardias simultaneously showed 
marked slowing of ventricular conduction velocities 
and QRS widening. Therefore, as clonidine in our 


+ 


ANESTH ANALG 
1992;74:703-11 





130 
ms 


116 


90 


Mw 
ling 
: 


| L= / | =o / | mtp 
0 i 2 3 4 s 10 15 Jomin 


Figure 5. Effects of bupivacaine (@) (group 2) and bupivacaine + 
clonidine + dobutamine (O) (group 5) on the variables of ventric- 
ular conduction velocities: HV interval (HV: 3, 4, and 5 min, *P = 
0.020; 10 min, *P = 0.022; 15 and 30 min, *P = 0.038) and QRS 
duration (QRS: 3 min, *P = 0.022; 4 min, *P = 0.023; 10 min, *P = 
0.019; 15 min, *P = 0.021; 30 min, *P = 0.029). Data are expressed 
as mean values + sEM. Statistical analysis was performed using the 
differences from baseline values. 
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study improved bupivacaine-induced QRS widening 
and HV prolongation, it can be postulated that cloni- 
dine may prevent the occurrence of ventricular ar- 
thythmia induced by a toxic dose of bupivacaine; 
however, clonidine worsened bupivacaine-induced 
bradycardia, AH interval, and depression of myocar- 
dial contractility. 

In group 4, 5 ug-kg~*-min~? dobutamine corrected 
bupivacaine-induced hemodynamic depression. LV 
dP/dt max was significantly improved 2 min after the 
onset of dobutamine infusion; however, dobutamine 
infusion did not modify bupivacaine-induced electro- 
physiologic impairment. As dobutamine neither cor- 
rected nor worsened the alteration in ventricular 
conduction induced by bupivacaine, it appears that 
the main reason for interest in the use of dobutamine 
is its ability to restore cardiac contractility without 
worsening ventricular conduction. 

In group 5, the combination of clonidine and 
dobutamine corrected both the electrophysiologic im- 
pairment and the hemodynamic depression induced 
by bupivacaine: The PR and HV intervals, QRS 
duration, and LV dP/dt max were significantly im- 
proved by the combination of clonidine and dobu- 
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Figure 6. Effects of bupivacaine (@) (group 2) and bupivacaine + 
clonidine + dobutamine (O) (group 5) on the variables of ventric 
ular contractile performance: peak of first derivative of left ventric 
ular pressure (LV dP/dt max, mm Hg/s: 10 and 15 min, *P = 0.023, 
and left ventricular end-diastolic pressure (LVEDP, mm Hg: non 
significant). Data are expressed as mean values + sEM. Statistica 
analysis was performed using the differences from baseline values. 


Table 2. Plasma Levels of Bupivacaine After Bupivacaine 
Intravenous Bolus Injection in Dogs 


Immediately 
after 

bupivacaine 
Group injection 3 Min 15 Min 30 Min 
2 55.4 + 1.6 5.0 + 0.5 1.7 + 0.2 1.1 + 0.2 
3 53.9 + 4.3 8.0424 29+08 20+ 0.€ 
4 58.5 + 7.2 77+10 3106 . 1.80.8 
5 O E72 7e21d SIEUS 21207 


Group 2, bupivacaine; group 3, bupivacaine +. clonidine; group 4 
bupivacaine + dobutamine; group 5, bupivacaine + clonidine + dobu 
tamine. 

Results are expressed as mean values + sem (ug/ml). 


tamine. Moreover, this combination was better thar 
the use of clonidine alone because the worsening o! 
clonidine-induced bradycardia, slowing of AH inter- 
val, and the hemodynamic depression were cor- 
rected. Furthermore, combination was better than the 
infusion of dobutamine alone because ventricular 
electrophysiologic variables were also corrected. 
These results suggest that the combination of cloni- 
dine and dobutamine may protect against the occur- 
rence of ventricular arrhythmias and correct the he- 
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Table 3. Blood Gas Analysis 
Immediately 
after 
Baseline bupivacaine 
Group value injection 3 Min 15 Min 30 Min 
pH + SEM 2 7.39 + 0.03 7.40 + 0.02 7.40 + 0.02 7.41 + 0.02 7.40 + 0.02 
3 7.39 £ 0.03 7.40 + 0.03 7.39 + 0.03 7.40 + 0.03 7.39 + 0.03 
4 7.42 + 0.03 7.43 + 0.02 7.42 + 0.02 7.41 + 0.03 7.42 + 0.03 
5 7.40 + 0.04 7.40 + 0.04 7.39 + 0.04 7.40 + 0.04 7.40 + 0.04 
Pao, + SEM 2 107.5 + 11.5 111.5 + 7.6 111.7 + 6.0 108.0 + 5.4 107.2 + 5.9 
(mm Hg) 3 103.7 + 8.3 101.7 + 8.9 103.8 + 6.2 103.8 + 4.4 103.1 + 7.5 
4 106.5 + 7.3 106.3 + 2.9 103.3 = 2.4 106.0 + 4.3 106.3 + 3.6 
5 103.8 + 2.1 105.7 + 3.4 103.7 + 5.4 107.2 + 5.9 107.2 + 4.7 
Paco, + SEM 2 32.5 = 2.3 30.4 + 3.6 30.4 + 2.8 31.2 + 2.9 30.6 + 2.6 
(mm Hg) 3 34.3 + 4.0 34.5 £ 5.4 33.7 + 5.6 34.3 + 4.9 35.2 + 3.8 
4 29.7 + 3.8 29.9 + 4.2 J2.0 242 JZE 2.0 34.2 + 2.9 
5 34.3 + 3.3 34.0 + 3.5 S20 223 33.8 + 2.9 32.8 + 2.5 


modynamic depression induced by a high dose of 
bupivacaine in the anesthetized dog. 

If the mechanism of the correction of the hemody- 
namic depression by dobutamine is obvious, the 
mechanism of the beneficial action of clonidine re- 
mains unknown. Moreover, the experimental model 
we used did not allow us to explain the mechanism of 
clonidine action. It may be postulated or speculated 
that clonidine might act directly by improving the 
maximum upstroke velocity of the fast action poten- 
tial worsened by bupivacaine (12,42). Nevertheless, 
further studies will be necessary to understand the 
mechanism of action of clonidine in this situation. 
Finally, care must be taken in extrapolating these 
results to the clinical setting. It must be emphasized 
that the dogs were previously anesthetized and were 
given atropine. In addition, the beneficial effects of 
the clonidine-dobutamine combination were ob- 
served in dogs that had suffered neither cardiovascu- 
lar collapse nor ventricular arrhythmias. These exper- 
imental procedures were used to introduce a certain 
degree of homogeneity into the model. Nevertheless, 
this is the first report that HV lengthening and QRS 
widening induced by the local anesthetic drug can be 
reversed by clonidine. 

In conclusion, a bolus injection of bupivacaine 
(4 mg/kg IV) induced ventricular electrophysiologic 
impairment and hemodynamic depression in anes- 
thetized dogs. The administration of intravenous 
clonidine corrected ventricular conduction velocities. 
Dobutamine infusion restored the hemodynamic dis- 
turbances. Finally, the combination of clonidine and 
dobutamine corrected both conduction abnormalities 
and hemodynamic depression induced by bupiv- 
acaine. Nevertheless, further studies are required to 
explain the mechanism of the beneficial effects of 
clonidine on ventricular electrophysiologic variables. 


We thank P. R. Housmans, MD, PhD, for his review of the manu- 


script. 
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A Comparison of Two Epidural a,-Agonists, Guanfacine 
and Clonidine, in Regard to Duration of Antinociception, 
and Ventilatory and Hemodynamic Effects in Goats 


Brian D. Smith, MD, Lawrence J. Baudendistel, MD, PhD, James J. Gibbons, MD, 


and John F. Schweiss, MD 


Departments of Anesthesiology and Physiological and Pharmacological Sciences and the Anesthesiology Research 


Laboratories, St. Louis University, St. Louis, Missouri 


Epidural clonidine produces analgesia in humans 
with acute and chronic pain. Its use is limited because 
of aria | analgesia, hemodynamic depression, 
sedation, and respiratory depression. Intrathecal 
guanfacine has a longer duration of action than 
intrathecal clonidine. The present study compares 
these two drugs administered epidurally. Pulmonary 
artery, carotid artery, and epidural catheters were 
inserted into five goats. Each animal received guan- 
facine 5 mg/10 mL, clonidine 750 ug/10 mL, or a 
10-mL saline control solution on separate occasions. 
Antinociception (tested via a point pressure stimula- 
ticn device), arterial blood pressure, heart rate, car- 
diac output, pulmonary capillary wedge pressure, 


pidural opioids provide analgesia for acute and 

chronic pain. However, pruritus, nausea, vom- 

iting, urinary retention, development of toler- 
ance, and most importantly, delayed respiratory de- 
pression have limited their use (1,2). Intrathecal and 
epidural a -agonists, of which clonidine has been the 
most extensively studied, produce antinociception 
without many of the side effects of epidural opioids 
and without the sensory or motor blockade of epi- 
dural local anesthetics (3-8). Epidural clonidine has 
been used to produce analgesia in humans with acute 
postoperative pain (9,10) and chronic pain syn- 
dromes (11-14). However, its use is limited because 
of short-lasting analgesia, hypotension, bradycardia, 
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and arterial and mixed venous blood gases were 
measured every 30 min for 8 h. Guanfacine produced 
a longer duration of antinociception (guanfacine = 
8 h vs clonidine = 5.5 h). Increases in Paco, were 
more pronounced in the clonidine group. There were 
no marked hemodynamic differences between the 
two drugs. Pretreatment with epidural idazoxan, an 
œ antagonist, blocked the antinociceptive effects of 
guanfacine. Because of a longer duration of action 
and less respiratory depression, epidural guanfacine 
may be superior for postoperative analgesia and 
chronic pain syndromes. 

(Anesth Analg 1992;74:712-8) 


sedation, and respiratory depression (10,15). A com- 
parison of the two a,-agonists, guanfacine and cloni- 
dine, reveals that guanfacine has a longer duration of 
antinociception when injected intrathecally (16). In 
addition, guanfacine, when compared with cloni- 
dine, has more selectivity for the centrally located œ- 
versus a-adrenergic receptor (17-19). This may be an 
advantage as a proposed site of action of these drugs 
is the spinally located œ -adrenergic receptor (4,20- 
22). Both guanfacine and clonidine have no neuro- 
toxic effects on the spinal cord nor the nerve roots 
when injected intrathecally (23). Epidural guanfacine 
has not been evaluated as an antinociceptive drug. 
This study was designed to evaluate whether epidu- 
ral guanfacine produced antinociception and, if so, to 
compare the duration of antinociception and the 
ventilatory and hemodynamic effects of epidural 
guanfacine and clonidine. 


Methods 


Approval was obtained from the Animal Care Com- 
mittee. Five healthy crossbred 45-55-kg male goats of 
Nubian extraction between 12 and 24 mo of age were 
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used in these experiments. The animals were surgi- 
cally prepared with indwelling vascular and epidural 
catheters. Feed was withheld 24 h before surgery. 
Under intravenous thiamylal and inhaled isoflurane 
and oxygen anesthesia, a 7.5F external jugular vein 
thermodilution catheter and a 16-gauge right carotid 
artery catheter were inserted under sterile conditions 
and secured. The animals were then fitted with a 
nylon jacket in which the catheters were secured. 
Epidural catheters were placed on a separate occa- 
sion, under local anesthesia without sedation, at the 
lumbosacral interspace using a loss of resistance 
technique with an 18-gauge Tuohy needle. Catheters 
were inserted 4 cm into the epidural space. Their 
placement was confirmed by injecting 1 mL/7 kg of 
2% lidocaine and documenting hind limb motor pa- 
ralysis. Catheters were taped along the animals’ 
backs and secured in the nylon jacket. During the 
study, epidural catheters were periodically tested 
with local anesthetic to confirm their epidural posi- 
tion. Both before surgery and during recovery the 
animals were acclimatized to laboratory surroundings 
and trained to stand quietly in a sling. Broad spec- 
trum antibiotics (ampicillin 10 mg/kg end gentamicin 
4 mg/kg) were administered subcutaneously twice 
dail 

Goats were studied in a conscious, unmedicated 
state while standing supported by a loosely fitting 
sling. Experiments were conducted in a quiet room 
with limited extraneous stimuli. Animals had food 
and water available ad libitum throughout the study 
period. 

Systemic arterial, pulmonary arterial, pulmonary 
capillary wedge, and central venous pressures were 
monitored at each measurement period using près- 
sure transducers attached to the catheters previously 
introduced into the aorta, pulmonary artery, and 
right atrium, respectively. Heart rate was obtained 
from the phasic aortic pressure trace. Pressure meä- 
surements were referenced to atmospheric pressute 
with the transducers positioned at the level of the left 
atrium. Pressures were recorded on a multichannel 
recorder. The conditioned signals from this insttu- 
ment were multiplexed and digitally converted via a 
signal processing system (M5000, MII) providing real- 
time data acquisition, reduction, and analysis. Ther- 
modilution CO measurements were determined via 
the pulmonary artery catheter and a cardiac output 


computer (model 9520A, Edwards Laboratories). Re- - 


ported values of CO reflect the mean of at least three 
sequential determinations. 

Samples of arterial and mixed venous blood were 
obtained simultaneously via the aortic and pulmo- 
nary arterial catheters and analyzed immediately af- 
ter collection. A blood gas analyzer was used to 
measure Po, Peco, and pH. Hemoglobin and hemo- 


REGIONAL ANESTHESIA AND PAIN MANAGEMENT 


SMITH ETAL. 713 
EPIDURAL GUANFACINE AND CLONIDINE 


globin saturation (So) were measured on a Hemoxi- 
meter (OSM3, Radiometer) calibrated for goat hemo- 
globin. Blood oxygen contents were calculated using 
the formula 


O, content = (Hemoglobin x 1.39 x % saturation) + (Po, X 0.008). 


Pulmonary capillary oxygen content was computed 
assuming equilibrium between alveolar and capillary 
oxygen tensions. Estimations of venous admixture 
were computed using the formula 


Venous admixture = (Ceco, — Ca0,)/(Cco, — Cvoy), 


where Cco,, Cao, and Cvo, refer to capillary, arte- 
rial, and mixed venous oxygen contents, respec- 
tively. 

Antinociception was tested with a point pressure 
stimulation device (24,25). This device consisted of a 
transducer, a strain gauge, and a blunt metal prod, 
housed in a plexiglass box. This portion of the device 
was strapped to the animal's hind limb and was then 
connected via 4 Bowden cable to.a hand lever, which 
advanced the metal prod. A control device of similar 
weight was secured to the animal’s contralateral hind 
limb. The main instrument housed a strain gauge 
amplifier that received a signal from the prod indicat- 
ing the amount of force applied to the goat’s hind 
limb, which was then displayed on a digital readout. 
To objectively assess antinociception, an incorpo- 
rated “twitch” detector, consisting of a cutout circuit, 
sensed the animal’s reaction (hind limb withdrawal) 
to the advancing prod. Detection of a withdrawal 
response effected the generation of an audible signal 
and activation of a hold circuit that recorded the 
applied force at the time of hind limb withdrawal. 
This force was then termed the avoidance threshold. 
Reported values of the avoidance threshold were the 
mean of at least three sequential measurements at 
any orie time period. During the experiments, the 
device was secured in a manner such that force was 
applied in a dorsosolar orientation to the chief meta- 
tarsal of the left or right pelvic (hind) limb... _ 

In an unmedicated state, each goat received, on 
three separate occasions, in a random open-label 
fashion, preservative-free guanfacine (Wyeth-Ayerst, 
Princeton, N.J.) (5 mg in 10 mL saline), preservative- 
free clonidine (Sigma Chemical, St. Louis, Mo.) 
(750 wg in 10 mL saline), or a 10-mL preservative-free 
saline control via the epidural catheters. Epidural 
catheters were flushed with 0.5 mL of saline after 
each injection. The minimum interval between ad- 
ministration of the active agents, guanfacine and 
clonidine, was 5 days. During each intervention with 
either the a-agonists or saline control, measurements 
were recorded at baseline (before epidural injection) 
and then every 30 min after epidural injections for 
8 h. Parameters measured included systemic arterial 
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pressure, central venous pressure, pulmonary artery 
pressure, pulmonary capillary wedge pressure, heart 
rate, cardiac output, arterial and mixed venous blood 
gases, and avoidance threshold. 

In a second set of experiments, in an unmedicated 
state, each animal received 200 ug of idazoxan, a 
specific a,-antagonist, in 10 mL of saline via epidural 
injection. Thirty minutes after the idazoxan was ad- 
ministered, the animals received 5 mg of guanfacine 
in 10 mL of saline via epidural injection. Avoidance 
threshold was evaluated at baseline before idazoxan 
injection, 30 min after idazoxan injection (just before 
guanfacine injection), and then every 30 min for 2 h 
after the guanfacine administration. 

Data are expressed as mean + standard deviation. 
Statistical significance of differences in measured var- 
iables between groups (a,-agonists vs control) at each 
stage of measurement were determined with an anal- 
ysis of variance with repeated measures design. 
Where the F ratio indicated that changes had oc- 
curred, a multiple comparison test was used to iden- 
tify individual differences (Statistical Analysis Sys- 
tems, SAS). A &test for paired data was used for 
comparison of a@-agonist and antagonist effects. P 
values of 0.05 or less were considered statistically 
significant. 


Results 


Guanfacine and clonidine appeared to produce simi- 
lar increases in avoidance threshold; however, guan- 
facine’s antinociceptive effects lasted significantly 
longer than clonidine (guanfacine = 8 h vs clonidine 
= 5.5 h) (Figure 1). Increases in Peco, were more 
pronounced in the clonidine group, with clonidine 
producing significant increases in Pco, at all mea- 
sured time periods except for one. Guanfacine, on the 
other hand, had significant increases in Pco, at only 
three measured time periods (Figure 2). Paco, in the 
clonidine group was also significantly elevated com- 
pared with the guanfacine group at all time periods 
except one between 30 and 300 min. There were no 
significant changes in venous admixture in either the 
guanfacine or the clonidine group. Hemodynamic 
measurements revealed no marked difference in the 
magnitude of depression seen in the heart rate or 
cardiac output (Figure 3). However, the period of 
significant bradycardia and depressed cardiac output 
in the clonidine group was slightly longer. Decreases 
in mean arterial pressure were similar with guanfa- 
cine and clonidine: both agents produced three peri- 
ods of significant reduction in pressure (Figure 3). In 
addition, guanfacine, at one time period, produced a 
significant decrease in mean pulmonary artery pres- 
sure and clonidine, at one time period, produced a 
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Figure 1. Avoidance threshold to point pressure immediately 
before and subsequent to epidural administration of clonidine, 
750 wg in 10 mL a saline (A); guanfacine, 5 mg in 10 mL of saline 
(@); or saline alone (Ml). Each point represents the mean + sem of 
five animals. *P < 0.05, clonidine compared with control. #P < 
0.05, guanfacine compared with control. 
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' Figure 2. Systemic arterial Pco, immediately before and subse- 
quent to epidural administration of clonidine, 750 pg in 10 mL of - 


saline (A); guanfacine, 5 mg in 10 mL of saline (@); or saline alone 
(M). Each point represents the mean + sem of five animals. *P < 
0.05, clonidine compared with control. #P < 0.05, guanfacine 
compared with control. 


Y 


significant elevation in pulmonary capillary wedge 


- pressure (Figure 4). 


In the second portion of the study, 200 ug of 
epidural idazoxan alone had no effect on the avoid- 
ance threshold (data not shown). However, when 
idazoxan was given epidurally 30 min before the 
administration of 5 mg of epidural guanfacine, no 
increase in the avoidance threshold was observed 


(Figure 5). 
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Figure 3. Heart rate (A), cardiac output (B), and mean arterial 
pressure (C) immediately before and subsequent to epidural ad- 
ministration of clonidine, 750 ug in 10 mL of saline (4); guanfacine, 
5 mg in 10 mL of saline (@); or saline alone (W). Each point 
represents the mean + sEM of five animals. *P < 0.05, clonidine 
compared with control.’ #P < 0.05, guanfacine compared with 
control. 


Discussion 


This is the first study to document the antinociceptive 
effects of epidurally administered guanfacine. The 
degree of antinociception is similar to that of cloni- 
dine. However, the duration of significant antinoci- 
ception is longer with guanfacine (guanfacine = 8 h 
vs clonidine = 5.5 h). Furthermore, the antinocicep- 
tive effects of guanfacine were still statistically signif- 
icant at the end of the 8-h study and may be signifi- 
cant beyond 8 h. 

_ Intrathecal guanfacine has a longer duration of 
antinociception than intrathecal clonidine because of 
slower elimination of guanfacine from spinal cord 
tissue. The reasons for this slower elimination are 
twofold: first, guanfacine is a stronger base and, 
therefore, has more ionization (guanfacine 76% ion- 
ized vs clonidine 33% ionized) at a physiologic pH of 
7.4; and second, guanfacine is less lipophilic than 
clonidine (16). These same physical properties may 
be the reason for the differences in duration when 
these agents are injected epidurally. The longer du- 
ration of antinociception with epidural guanfacine 
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Figure 4. Central venous pressure (A), mean pulmonary arter 
pressure (B), and pulmonary capillary wedge pressure (C) imme 
diately before and subsequent to epidural administration of cloni 
dine, 750 ug in 10 mL of saline (A); guanfacine, 5 mg in 10 mL o 
saline (@); or saline alone (W). Each point represents the mean + 
sem of five animals. *P < 0.05, clonidine compared with control 
#P < 0.05, guanfacine compared with control. 
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Figure 5. The effect of epidural guanfacine (5 mg) given alone (left 
or after pretreatment with epidural idazoxan (200 ug) (right) on th 
avoidance threshold. Avoidance threshold was measured 2.5 | 
after idazoxan pretreatment and 2 h after guanfacine pretreatment 
Data represent the mean + sE from three animals. *P = 0.05 
significantly different from guanfacine alone (paired t-test). 


has obvious clinical advantages for intermittent bolus 
administration of epidural a2-agonists for analgesia ir 
patients with acute or chronic pain. 
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The point pressure stimulation device used to 
assess antinociception in our study has been tested 
by other investigators using a variety of opioid and 
æ agonist antinociceptive drugs in large animals and 
has been documented to produce a clear and regular 
response with a regular baseline and repeatable re- 
sults. The device is a reliable and reproducible 
method for the assessment of analgesic drugs in large 
animals. In addition, the method adheres to the 
ethical considerations of providing the minimum 
stimulus necessary to produce a measurable re- 
sponse, the response manifest is natural to the ani- 
mal, the stimulus is rapidly terminated once the 
response has occurred, and tissue is protected from 
damage (24,25). 

Sedation and respiratory depression owing to epi- 
dural clonidine have previously been reported by 
Penon et al. (15). In our study, significant increases in 
Paco, were more pronounced in the clonidine group. 
We are uncertain as to the exact mechanism of this 
observation. If cephalad spread were the mechanism 
of respiratory depression associated with epidural 
a-agonists, a less lipophilic drug such as guanfacine 
should have an enhanced cephalad spread and a 
greater potential for respiratory depression. How- 
ever, from our results, this did not appear to be the 
case. 

A more plausible explanation may be related to the 
systemic absorption of clonidine owing to its li- 
pophilicity, and its supraspinal sedating effects. A 
study comparing the same dose of either epidural or 
intramuscularly administered clonidine for postoper- 
ative pain has shown a similar onset of analgesia, 
similar peak plasma concentrations, and similar side 
effects (26). One such side effect was sedation, which 
appears to be mediated via stimulation of supraspinal 
a-adrenergic receptors. Therefore, respiratory de- 
pression associated with epidural clonidine may rep- 
resent the systemic absorption of clonidine, which 
then binds to supraspinal a,-adrenergic receptors 
causing sedation and associated respiratory depres- 
sion. 

The absolute Paco, values in the clonidine group 
were not alarmingly elevated. However, these ani- 
mals were being stimulated every 30 min, and the 
blood gas samples were drawn after the initial stim- 
ulation in every animal at each reading. This is 
different from the clinical situation of a patient on a 
ward who may not be stimulated or aroused for 
hours. In addition, if a combination of an epidural 
opioid and epidural clonidine were used to take 
advantage of possible synergistic analgesia, the res- 
piratory depressant effects of clonidine in combina- 
tion with morphine may increase the risk of respira- 
tory depression. Although the combination of 
epidurai morphine and clonidine has been studied in 
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human subjects, the only respiratory variable exam- 
ined was respiratory rate, which did not change 
significantly (27). Bailey et al. (28) evaluated the 
respiratory effects of the combination of oral cloni- 
dine and intramuscular morphine, but this is hardly 
comparable to concomitant epidural clonidine and 
morphine administration. Although they did not 
document a statistically significant decrease in the 
slope or a right shift in the ventilatory or occlusion 
pressure response curves when oral clonidine was 
given in combination with intramuscular morphine, 
they did note a tendency toward an additive effect. In 
addition, oral clonidine alone produced a statistically 
significant right shift in the ventilatory and occlusion 
pressure response curves, indicating some degree of 
respiratory depression (28). 

A study in humans has shown that small, inter- 
mediate, and large doses of epidural clonidine de- 
crease blood pressure with the intermediate dose 
causing the largest decrease (10). The fact that the 
larger doses did not result in the largest decrease in 
arterial blood pressure was thought to reflect a pe- 
ripheral a-receptor effect. In our study, both of the 
drugs produced similar reductions in arterial blood 
pressure, with guanfacine and clonidine producing 
decreases that were significantly different from con- 
trol at several time periods. The animals were offered 
food and drink ad libitum throughout the 8-h study 
period, but they did not receive intravenous fluids. 
The decreases in arterial blood pressure might have 
been ameliorated with intravenous fluid therapy. 

a,-Agonists cause bradycardia, although the exact 
mechanism of this effect is uncertain (29). In our 
study, there were similar decreases in heart rate in 
both the guanfacine and the clonidine group; how- 
ever, the period of significant bradycardia was 
slightly longer in the clonidine group. There were - 
also similar decreases in the cardiac output in both 
groups. Again, these hemodynamic changes were 
more pronounced in the clonidine group. It is inter- 
esting that both the heart rate and cardiac output 
were returning to baseline values at approximately 
5.5 h, concomitant with the waning of the antinoci- 
ceptive effects of clonidine. Other hemodynamic var- 
iables demonstrated only small differences between 
the two drugs. 

The exact mechanism of antinociception of neuro- 
axial a,-agonists has not been determined. Some 
studies have suggested a modulation of opiate recep- 
tors (29-31), whereas others have suggested mecha- 
nisms mediated through serotonergic (29,32) and 
adenosinergic (29,33) pathways. Perhaps the neuro- 
axial a -agonists exert their antinociceptive effect 
mimicking a separate descending noradrenergic 
pathway in the spinal cord (1,4,21,29), and by bind- 
ing to a,-adrenergic receptors in the dorsal horn of 
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the spinal cord (4,22), they inhibit release of sub- 
stance P (34) and thus produce antinociception. 

To evaluate the mechanism of antinociception of 
guanfacine, we injected epidural idazoxan, an a)- 
antagonist, which has been shown to be selective for 
the a>-receptor (35). We chose epidural as opposed to 
intravenous administration of idazoxan because we 
were trying to block spinally located a-adrenergic 
receptors. Subsequently, we injected epidural guan- 
facine and documented the lack of antinociception. 
This is highly suggestive of an a,-adrenergic recep- 
tor-mediated mechanism; however, it does not rule 
out other antinociceptive pathway interactions. 

We chose 750 ug of clonidine because with epidu- 
ral clonidine in sheep Eisenach et al. (3) showed that 
there were no differences in the peak antinociceptive 
effects between 300 and 750 ug of clonidine; however, 
750 ug of clonidine produced a longer duration of 
antinociception. As duration of antinociception was 
one of the major indices we were interested in study- 
ing, the 750-ug dose was chosen. We were reluctant 
to use doses above 750 ug because of the marked 
sedation seen in our animals at this dose in pilot 
studies. Although larger doses of clonidine might 
have produced a change in antinociception (either 
higher peak antinociception or of a longer duration), 
they might have also increased the level of sedation 
and/or respiratory depression. 

The dose of 5 mg of guanfacine was chosen based 
on the results of pilot studies performed in our 
laboratory. In these experiments, the action of epi- 
durally administered guanfacine was examined with 
doses between 50 ug and 8 mg. The optimal dosage 
(5 mg) demonstrated the largest amount of antinoci- 
ception with the least amount of hemodynamic sup- 
pression. It is interesting to note that in a previous 
comparison of intrathecal guanfacine and intrathecal 
clonidine, guanfacine was more potent: 50 ug of 
guanfacine produced antinociception four times 
longer than the same dose of clonidine (18 vs 4 h) 
(16). Our data do not support this conclusion as a 
larger dose of guanfacine was required to produce 
similar antinociceptive effects. This may reflect the 
fact that guanfacine is more ionized and less lipo- 
philic, which would make it more difficult for it to 
traverse the dural membranes and reach its site of 
action at the dorsal horn of the spinal cord, while at 
the same time it is gradually being eliminated from 
the epidural space. Additional studies may need to 
focus on intrathecal guanfacine. However, as was 
found with intrathecal clonidine, intrathecal guanta- 
cine may be limited by hemodynamic depression (8). 

The present study was conducted in an open-label 
fashion. Our original intent was to use a blinded 
protocol; however, during preliminary investigations 
we discovered that all investigators involved were 
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able to predict the drug administered. Either of the 
œ -agonists ceuld be distinguished from the saline 
control by the observance of hemodynamic depres- 
sion and sedation. Guanfacine could be distinguished 
from clonidine because of the profound sedation seen 
in animals given clonidine. We believed it inappro- 
priate to perform a “blinded study’’ when it was 
possible to predict which drug had been adminis- 
tered. The peint pressure stimulation device, how- 
ever, provided an objective means of assessing anti- 
nociception, as the avoidance threshold was 
determined by the device rather than by the investi- 
gator, thus limiting bias owing to the open-label 
nature of the study. 

This study compared only a single dosage of each 
a,-agonist. Based on preliminary studies in our labo- 
ratory and work performed by others, we chose the 
dosage of each that provided the longest duration of 
antinociception with the fewest side effects. As the 
data suggest, the dose of guanfacine and clonidine 
appear to be equianalgesic and therefore comparisons 
of duration and ventilatory and hemodynamic side 
effects appear valid. It must be noted that broad- 
range dose studies comparing the two drugs must be 
performed before definite conclusions can be drawn. 

In conclusion, this is the first study to document 
the antinociceptive effects of epidural guanfacine. Its 
mechanism of action appears to be mediated via the 
a-adrenergic receptor. Because of the longer dura- 
tion of antinociception and less pronounced respira- 
tory depression, epidural guanfacine may be a supe- 
rior drug for postoperative analgesia and chronic pain 
syndromes. 


We thank Hiroshi Tanaka, MD, George Vogler, DvM, and Thomas 
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Ruth Edwards and Patricia Frank for their excellent technical 
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Clonidine Enhances the Effects of Lidocaine on C-Fiber 


Action Potential 
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Geneva, Switzerland 


We examined local anesthetic effects of clonidine and 
its interaction with lidocaine with regard to tonic 
inhibition of the C-fiber action potential (AP) on the 
isolated, desheathed rabbit vagus nerve by the su- 
crose gap method. Clonidine and lidocaine at 500 uM 
concentrations caused a comparable degree of C-fiber 
inhibition, corresponding to an AP area under the 
curve of 75.8% + 9.4% (mean + SE) and 82.2% + 
5.9% of control, respectively. Concentrations of cloni- 
dine less than 500 uM did not inhibit C-fiber AP. 
Clonidine, added in concentrations of 500 nM, 
500 uM, and 5 mM to a 500 uM lidocaine perfusion, 
caused a significant decrease in fiber blockade of 18%, 
20%, and 54%, respectively, as compared with cloni- 
dine added to Locke perfusion (P < 0.05). The so- 


anesthetics for peripheral nerve block prolongs 

postoperative analgesia and block duration, 
probably owing to a direct action on the nerve (1-4). 
This effect may be due to a local anesthetic action of 
clonidine. Compared with procaine, clonidine is 
equipotent in inhibiting impulse propagation on the 
frog sciatic nerve (5), and is 1.75 times more potent in 
inhibiting reaction to cutaneous stimulation in the 
guinea pig (6). On the rabbit cornea, however, cloni- 
dine is approximately 140 times more potent as a 
surface anesthetic than procaine (5). This might indi- 
cate that C-fibers or Aé-fibers, which exclusively 
innervate the rabbit cornea (7), are especially sensi- 
tive to clonidine. A selective effect of clonidine on C- 
or Aé-fibers might explain the clinical observation 
that clonidine prolongs postoperative analgesia (1-4). 
However, in these clinical studies (1-4), clonidine 
was administered at a dose 1000-3000 times less than 
that of the local anesthetics used, making a direct 
local anesthetic effect on the nerve unlikely. 


l lhe admixture of 150 ug of clonidine to local 
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dium channel blocker tetrodotoxin (3 uM) decreased 
the AP area to 9.3% + 1.3% of control. The remaining 
tetrodotoxin-resistant AP was almost completely 
blocked by clonidine (500 uM) and lidocaine 
(500 uM), indicating a higher susceptibility of tetro- 
dotoxin-resistant fibers to the two drugs than the 
C-fiber population as a whole. The enhancing effect 
of a low dose of clonidine (500 nM) on lidocaine- 
induced (500 uM) inhibition of C-fiber AP might 
explain the clinical observation that clonidine, at 
approximately 1000-fold lower concentrations than 
lidocaine, prolongs the action of lidocaine in periph- 
eral nerve bloek. 

(Anesth Analg 1992;74:719-25) 


Our study was conducted to examine local anes- 
thetic effects of clonidine and its interaction with 
lidocaine on the C-fiber compound action potential of 
the isolated rabbit vagus nerve. 


Methods 


The study was conducted after approval had been 
obtained from the institutional animal investigation 
committee. Adult rabbits weighing 3 + 0.5 kg were 
killed by a shot in the head. The cervical vagus nerves 
were rapidly removed, placed in Locke’s solution, 
and desheathed with scissors under a dissection 
microscope. One nerve was immediately mounted in 
the sucrose gap apparatus, and the other one was 
stored at 4°C. 

The sucrose gap technique and the experimental 
setup have been previously described (8-10) and are 
briefly presented. As shown in Figure 1, the nerve 
runs through the three compartments of the sucrose 
gap apparatus, which are tightly sealed off by thin 
rubber membranes. In the test compartment, the 
nerve is stimulated via two silver electrodes and 
perfused with the drug to be studied (15 mL/h). The 
depolarizing electrode is located 4 mm from the 
outflow of the test compartment in contact with one 
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Figure 1. Schematic presentation of experimental setup with stim- 
ulation (SIU: stimulus isolation unit) and recording units (A: 
amplifier) and cross-sectional view of sucrose gap apparatus with 
its three compartments separated by thin rubber membranes (m). 
The nerve runs through the test compartment on the right, the 
central sucrose compartment, and the reference compartment on 
the left. Further details are explained in the text. 


of the recording electrodes. The central sucrose com- 
partment is continuously perfused with isotonic su- 
crose, which insulates the test compartment from the 
referencé compartment. The third compartment 
serves ds reference, and is continuously perfused 
with Locke’s solution. A pair of nonpolarizable silver- 
silver chidride electrodes, in contact with the test and 
reference compartments, records the resting mem- 
brdne potential and the monophasic action potential 
(AP). Perfusion of the three compartments is by 
gravity. 

The compound action potential was evoked by 
single supramaximal square-wave pulses (0.4 ms, 
30 V; Grass 548 stimulator with stimulus isolation 
unit). The distance of 4 mm between stimulation and 
registration electrodes allowed a good separation of 
the C-fiber AP from the faster conducting A- and 
B-fiber APs, which were hidden by the stimulation 
artifact. The recording electrodes were connected toa 
Grass P16 AC/DC microelectrode amplifier. In our 
setup, the short-circuiting factor was 0.6. However, 
the attenuation of the AP was more important, be- 
cause of the temporal dispersion occurring in a pop- 
ulation of fibers (11). A continuous recording of the 
resting membrane potential was made on a strip chart 
recorder. The AP signal was digitized by an A/D 
converter (Service Informatique du Centre Médical 
Universitaire de Genève), displayed on the monitor 
of an IBM AT-3 computer, and saved on its hard disk. 

The study was divided into three parts. The first 
part of the study, conducted on 13 nerves, compared 
the local anesthetic effects of 500 uM clonidine (n = 5) 
with 500 kM lidocaine (n = 8). The second part of the 
study examined the interaction of different concen- 
trations of clonidine in the presence or absence of 
500 aM lidocaine. One group of nerves (n = 15) was 
perfused with Locke’s solution, to which clonidine 
was added at concentrations of 50 nM, 500 nM, 5 uM, 
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50 uM, 500 uM, and 5 mM. The second group of 
nerves (n = 10) was exposed to a continuous perfu- 
sion of 500 uM lidocaine, to which clonidine was 
added at the same concentrations as described for the 
first group. A single nerve was exposed to a maxi- 
mum of three different doses of clonidine, separated 
by 1-h washing periods with Locke’s solution. Lower 
doses were used before higher doses. 

In the third part of the study, seven nerves were 
exposed to the sodium channel blocker tetrodotoxin 
(TTX, 3 aM), which blocked about 90% of the C-fiber 
population (see below). To evaluate the effects of 
clonidine and lidocaine on the TTX-resistant fiber 
population, nerves, continuously perfused with TTX 
were exposed to 500 uM clonidine (n = 6), followed 
by a 30-min wash-out period, during which full 
recovery of the TTX-control AP was obtained. Nerves 
were then perfused with 500 uM lidocairie (n = 4) to 
which 500 aM clonidine was added after 15 min (n = 
3). l 

Experiments were performed at rodml temperature 
(20-22°C) and started after an eq ibration period of 
at least 1 h. Except for continuous drug exposures, 
perfusion lasted for 15 min. During this period, the 
nerve was stimulated every 5 min. The maximal effect 
was generally obtained after 10 min of perfusion, arid 
no further change was observed between 10 and 
15 min. The 15-min value was used for calculations. If 
recovery from drug exposure after a 60-min wash-dut 
was above 80% of the preceding control AP ampli- 
tude, this value was considered an adequate control 
for a subsequent drug application. 

Locke’s solution consisted of (in mM): 154 NaCl, 
5.6 KCl, 0.9 CaCl, 0.5 MgCl, 5 glucose, and 
10 N-2-hydroxyethylpiperazine-N-2-ethanesulfonic 
acid buffer. The pH was adjusted to 7.4 + 0.05 by 
addition of 1 N NaOH. Clonidine (Sigma), preserva- 
tive-free lidocaine hydrochloride (Sintetica), and TTX 
(Sigma, lot 90 H0480) were dissolved in Locke’s 
solution. Drug solutions were freshly prepared be- 
fore each experiment. Clonidine and TTX solutions 
were prepared from frozen aliquots, and lidocaine 
from original vials. 

The APs were analyzed with regard to peak am- 
plitude, time to peak from beginning of stimulation, 
and area under the curve. Results are presented as 
percent of preceding control value for AP amplitude 
and area, and as delay from control with regard to 
time of peak amplitude. Statistical ahalysis was per- 
formed on log-transformed data to render the vari- 
ance homogeneous. Differences between groups 
were tested by the unpaired t-test, whereas differ- 
ences within groups to baseline control values were 
analyzed by the paired t-test. Tests were two-tailed, 
and P < 0.05 was considered significant. 
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Figure 2. Original tracings of action potentials during perfusion 
with Locke’s solution (control) and after 15 min of clonidine 
(500 uM) or lidocaine (500 uM) perfusion. Time point 0 marks the 
end of the stimulation artifact, which lasted 3 ms. 


Results 


C-fiber compound APs at the beginning of the exper- 
iment had the following characteristics: the AP am- 
plitude was 11.4 + 1.6 mV; the AP area, which 
represented the totality of conducting fibers, was 66.4 
+ 11 mV-ms; and the time of the AP peak from 
stimulation was 11.5 + 0.5 ms (n = 21; mean + SE). 

As shown in Figure 2, both clonidine and lidocaine 
had local anesthetic effects at a concentration of 
500 uM, evidenced by an inhibition of the C-fiber AP. 
Although both treatments caused a reduction in AP 
amplitude and a delay of AP peak, these variables 
were less affected by clonidine than by lidocaine. 
Table 1 summarizes the results of the corresponding 
experiments. The AP area did not differ between 
clonidine (82.2% + 5.9% of control) and lidocaine 
(75.8% + 9.4% of control), indicating a comparable 
degree of fiber blockade by the two drugs. The 
difference in AP amplitude between clonidine (58.5% 
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Table 1. Characteristics of Action Potential and Its 
Modification by Clonidine (500 uM) or Lidocaine (500 uM) 


AP amplitude AP area AP peak delay 
Drug (% control) (% control) (ms from control) 
Clonidine 58.5 + 2.4% 82.2 + 5.9 2.6 + 0.4%" 
(n = 5) 
Lidocaine 41.3 + 3.1? 75.8 + 9.4° 8.4 + 0.9? 
(n = 8) 


AP, action potential. 

Values (mean + sE) are expressed as percent or delay from group control 
values. 

“P < 0.05 between group comparison. 

°P < 0.05 within group comparison to control value. 


+ 2.4% of control) and lidocaine (41.3% + 3.1% of 
control; P < 0.05) thus mainly reflected differences in 
slowing of fiber conduction. This was evidenced by 
the delay of the AP peak from control (clonidine: 2.6 
+ 0.4 ms; lidocaine: 8.4 + 0.9 ms; P < 0.05). The delay 
of the AP peak reflects slowing of fiber conduction 
according to the following formula: conduction veloc- 
ity = 4mm X (control AP peak [ms] + delay of AP 
peak [ms]) |. 

At a coneentration of 500 uM, clonidine had no 
effect on the resting membrane potential, whereas 
lidocaine caused hyperpolarization (0.7 + 0.2 mV) in 
three of eight nerves. 

Figure 3 shows the effects of different concentra- 
tions of clonidine (50 nM to 5 mM) on AP amplitude, 
AP area, and AP peak delay in the absence or 
presence of 500 uM lidocaine. When clonidine was 
added to Locke’s solution, no local anesthetic effects 
were observed at concentrations below 500 uM. The 
largest dose of clonidine (5 mM) preferentially 
evoked a slowing of fiber conduction, evidenced by a 
delay in AP peak (13 + 5 ms) and decrease in AP 
amplitude to 23% + 4% of control and in AP area to 
72% + 7% of control. 

The resting membrane potential was consistently 
depolarized by 5 mM clonidine (2.0 + 0.4 mV, n = 5), 
whereas lower concentrations of clonidine had no 
effect. 

When 500 nM clonidine, which by itself had no 
effect on the AP, was added to a 500 uM lidocaine 
perfusion, which was taken as control, a significant 
10% decrease in AP amplitude and 18% decrease in 
AP area were observed as compared with clonidine 
alone (Figure 3A and 3B). Similarly, clonidine at 
500 uM and 5 mM concentrations, in the presence of 
lidocaine, caused a significant decrease in AP area of 
20% and 54%, respectively, as compared with cloni- 
dine alone. In contrast, effects of 5 uM and 50 uM 
clonidine on the AP were not modified by lidocaine. 
Slowing of fiber conduction by clonidine was identi- 
cal in the absence and presence of lidocaine (Figure 
3C). 
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Figure 3. Effects of different doses of clonidine (50 nM to 5 mM), 
added to Locke’s solution (squares) or to a 500 uM lidocaine 
solution (diamonds), which were each regarded as individual group 
control perfusions, on action potential (AP) amplitude (A), area 
under the curve (B), and temporal occurrence of peak (C). Values 
are expressed as percent of, or delay from, preceding control value. 
Each point represents the mean and sE of four to 11 measurements. 
*P < 0.05 between group comparison. 


No effect on the resting membrane potential was 
observed when clonidine was added to lidocaine 
(500 uM) in concentrations of 50 nM to 500 uM. At 
5 mM, however, clonidine depolarized the resting 
membrane potential (1.0 mV, 3.2 mV) in two of four 
nerves when added to 500 uM lidocaine. 
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Figure 4. Original tracings of action potential during perfusion 
with Locke’s solution (control) and after 15 min with perfusion of 
3 uM tetrodotoxin (TTX). 


The effect of the sodium channel blocker TTX 
(3 uM) on C-fiber AP is shown in Figure 4 and 
summarized as part of Table 2. Tetrodotoxin blocked 
91% of C-fibers. The remaining conducting TTX- 
resistant fibers showed a marked increase in time to 
AP peak. Hyperpolarization of the resting membrane 
potential from 0.2 mV to 0.6 mV (0.43 + 0.1 mV) 
occurred in four of the seven nerves when exposed to 
TTX. 

Effects of clonidine (500 uM) and lidocaine 
(500 uM) on the APs of these TTX-resistant fibers are 
shown in Figure 5, and summarized in Table 2. 
Clonidine inhibited TTX-resistant fibers, resulting in 
an AP area of 75% of control, and caused a further 
delay in time to AP peak (5.5 + 1.4 ms). Lidocaine 
reduced the AP area of TTX-resistant fibers to 36% of 
control, and caused such a degree of fiber slowing 
that the temporal occurrence of the AP peak could 
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Table 2. Modification of Action Potential by Tetrodotoxin, 
Clonidine (500 uM), and Lidocaine (500 uM) 


AP peak 
Drug amplitude“ AP area" AP peak (ms)? 

TIX (n = 7) 2.86 + 0.3° 9.32 + 1.3° 27.4 + 2,1° 
Clonidine 64.6 + 7.6 74.6 + 5.0 5.50 + 1.4 

(n = 6) 
Lidocaine 32.1 + i11 36.0 + 22.4 Not measurable 

(n = 4) 
Lidocaine + 13.7 + 9.5 Not measurable Not measurable 

clonidine 

(n = 3) 


AP, action potential; TTX, tetrodotoxin. 

Values (mean + s£) are expressed as percent of, or delay from, preceding 
value, which was Locke’s solution in the case of TTX, TTX in the case of 
lidocaine or clonidine, and TTX and lidocaine in the case of lidocaine + 
clonidine. Clonidine (500 pM) and lidocaine (500 uM) were always perfused 
in the presence of TTX (3 aM). Values were not measurable because of the 
absence of a clearly defined action potential peak. Values of TTX were 
compared with control. 

ressed as % control for TTX, as STTX for clonidine or lidocaine, and 
as %TTX + lidocaine for lidocaine + clonidine. 

"Expressed as delay from control for TTX, as delay from TIX for 
clonidine or lidocaine, and as delay from TTX + lidocaine for lidocaine + 
clonidine. 

“P < 0.05 vs control. 


not be consistently identified. The addition of cloni- 
dine to lidocaine, in the presence of TTX, almost 
completely inhibited the AP. The AP amplitude was 
13.7% as compared with lidocaine and TTX. Because 
of temporal dispersion, the AP area under the curve 
and occurrence of the AP peak could not be deter- 
mined. The last tracing of Figure 5 shows that the 
effects of clondine and lidocaine were not completely 
reversible after 30 min of wash-out with TTX. 


Discussion 


The present study exclusively examined C-fiber APs. 
Although the rabbit vagus nerve also contains myeli- 
nated A- and B-fibers, unmyelinated C-fibers present 
the vast majority of the total population of nerve 
fibers amounting to approximately 90% in the adult 
animal (12). The distance of 4 mm between stimula- 
tion and registration electrodes in our sucrose gap 
chamber only allowed the registration of C-fiber APs, 
as the faster conducting A- and B-fibers were hidden 
by the stimulation artifact. Based on the average AP 
peak, occurring 11.5 ms after stimulation, the average 
conduction velocity (4 mm per 11.5 ms) in our fiber 
population was 0.35 m/s. This value is slightly below 
the conduction velocity of mammalian C-fibers at 
body temperature (0.5-2.3 m/s; 13), owing to the fact 
that nerve cooling decreases conduction velocity (14) 
and that our study was conducted at room tempera- 
ture. 

The reason for conducting the study at 20-22°C 
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and not at 37°C was the simplified experimental 
setup, and an increased stability of the preparation 
owing to the slowing of nerve metabolism with low 
temperatures. As the local anesthetic effects of 
lidocaine, like that of other local anesthetics, increase 
with decreased temperatures (14), it is conceivable 
that higher concentrations of lidocaine and clonidine 
would have to be used at 37°C to obtain the same 
effect as at room temperature. 

Clonidine at 500 uM caused an equal degree of 
C-fiber inhibition as 500 uM lidocaine. However, 
different degrees of inhibition of conduction velocity 
were observed for the two drugs, with lidocaine 
causing a more pronounced slowing of AP peak than 
clonidine. This indicates that the safety factor of 
nerve conduction was more reduced by lidocaine 
than by clonidine. The safety factor, defined as the 
ratio between the current supplied by the AP and the 
current required for the propagation of the AP has 
been estimated to be 20 for unmyelinated fibers (15). 
Any reduction of the safety factor will reduce the 
depolarized region ahead of the advancing impulse 
and increase the time required to generate the thresh- 
old depolarization for impulse propagation, thereby 
reducing conduction velocity before conduction fail- 
ure. 

In our experimental setup, which examined tonic 
C-fiber inhibition evoked by infrequent single stimu- 
lations, clonidine was not more powerful than 
lidocaine, as might have been expected from reports 
about the relative potencies of clonidine versus pro- 
caine on the rabbit cornea (5). This might be due to 
the fact that the rabbit cornea model examined phasic 
inhibition (16) during repetitive stimulation at 3.3 Hz, 
indicating that clonidine may preferentially produce a 
use-dependent block. On the other hand, the A® or 
C-fiber population in the rabbit cornea might be more 
sensitive to clonidine than the C-fiber population in 
the rabbit vagus nerve. 

Lidocaine, like other local anesthetics, inhibits AP 
propagation via binding to membrane sodium chan- 
nels, leading to a reduction in inward sodium cur- 
rents (16). The question of whether clonidine acts by 
a similar mechanism as lidocaine could not be ad- 
dressed in this study. The physical-chemical prop- 
erties of clonidine (2-2,6-dichlorophenylamino- 
imidazolin), which has a molecular weight of 230 and 
a pKa of 8.05 (17), are comparable to lidocaine, which 
has a molecular weight of 234 and a pKa of 8.2 (16). 
Thus, an action of clonidine similar to that of local 
anesthetics at the sodium channel is not excluded a 
priori. 

The hyperpolarization of the resting membrane 
potential, occasionally observed with lidocaine 
(500 uM), may be interpreted as resulting from the 
blockade of sodium channels that open spontane- 
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Figure 5. Original tracings of action potential from the same nerve, which was continuously perfused with 3 uM tetrodotoxin (TTX). From 
left to right: (1) after 15-min perfusion with TTX, (2) after 15-min perfusion with 500 uM clonidine, (3) after 30-min wash-out of clonidine, 
(4) after 15-min perfusion with 500 uM lidocaine, to which (5) 500 uM clonidine was added, and (6) wash-out of clonidine and lidocaine 


after 30 min. 


ously under resting conditions (16). Although con- 
centrations of 50 nM to 500 uM clonidine were 
without effect on the resting membrane potential, 
5 mM clonidine consistently evoked a marked depo- 
larization, despite a local anesthetic effect. The depo- 
larization of the resting membrane potential by cloni- 
dine might result from a reduction in potassium 
permeability of the membrane, as blockade of potas- 
sium channels has been observed for different local 
anesthetics (18). 

Despite its local anesthetic effect, clonidine cannot 
be expected to serve as a local anesthetic for clinical 
use owing to its marked a-adrenergic action (19). 
Based on our study and other laboratory results (5,6), 
supraclinical doses of clonidine would have to be 
used ta obtain peripheral nerve block. However, the 
combination of a low dose of clonidine (150 yg) with 
local anesthetics for peripheral nerve block in the 
clinical setting prolongs block duration and postop- 
erative analgesia (1-4). This effect might be due to 
clonidine-mediated activation of postsynaptic adren- 
ergic receptors leading to local vasoconstriction at the 
nerve (20), thus prolonging local anesthesia by de- 
creasing the systemic absorption of the local anes- 
thetic. A recent clinical study, however, comparing 
the vasoconstrictor effects of clonidine to those of 
epinephrine in peripheral nerve block, showed that 
clonidine did not evoke local vasoconstriction (21). 

Results from the second part of our study might 
explain the clinical observations that clonidine, at 
approximately 1000-fold lower concentrations than 
the local anesthetics, prolonged peripheral nerve 
block (1-4). When a low concentration of clonidine 
(500 nM), which by itself had no effect on the AP, was 
added to a 500 uM lidocaine perfusion, which alone 
decreased the AP amplitude to 41% and the AP area 
to 76% of control, a further significant degree of 
C-fiber blockade was obtained. Based on the cloni- 
dine dose-response curve, millimolar concentrations 
of clonidine would have to be used to obtain a further 


decrease in AP area and amplitude as obtained by 
500 uM lidocaine. Thus, the enhancing effect of the 
low dose of clonidine (500 nM) on C-fiber inhibition 
in the presence of lidocaine was unexpected. Similar 
enhancing effects were observed when higher doses 
of clonidine (500 uM, 5 mM) were added to lidocaine 
(500 uM). Although, the mechanism of interaction 
between lidocaine and clonidine could not be ad- 
dressed in this study, it might be due to the fact that 
clonidine acts by a different mechanism than 
lidocaine (i.e., at a different site of the sodium chan- 
nel, by a conformational change of the lidocaine 
binding site of the sodium channel, or by an unspe- 
cific membrane effect) (18). The observation that 
clonidine enhanced the effect of lidocaine only at 
specific doses may indicate that there are different 
mechanisms of interaction between clonidine and 
lidocaine. 

Experiments with the sodium channel blocker TTX 
demonstrated different types of C-fibers in the rabbit 
vagus nerve. In contrast to local anesthetics, which 
block the axoplasmatic side of the sodium channel, 
TTX blocks sodium channels by plugging the outer 
entrance of the channel (22). The reason for the 
occasionally observed hyperpolarization of the rest- 
ing membrane potential by TTX was probably, similar 
to lidocaine, due to blockade of spontaneously open 
sodium channels (16). Sodium channels in nervous 
tissue, including the vagus nerve of the rabbit, are 
blocked at concentrations below 10 nM TTX (23). In 
the present study, however, APs were not com- 
pletely blocked in the presence of a far higher con- 
centration of TTX (3 uM), indicating that there is a 
population of approximately 10% of C-fibers in the 
vagus, which is resistant to TTX. Even 10-fold higher 
concentrations of TTX (30 uM) did not cause a further 
significant decrease in C-fiber AP in this preparation 
as compared with 3 uM TTX (AP amplitude 94% + 
13%, AP area 84% + 3.4% of 3 uM TIX, n = 3, 
unpublished results). Tetrodotoxin-resistant sodium 
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currents have been shown in neurons from the no- 
dose ganglion and dorsal root ganglia (24,25) and are 
probably mediated via subtypes of the sodium chan- 
nel (26). In peripheral nerves, TTX-resistant fibers 
have not been reported. 

Lidocaine (500 uM) blocked 64% of TTX-resistant 
C-fibers, whereas it only inhibited 24% of the total 
C-fiber population. Furthermore, the AP of the TTX- 
resistant fibers was almost completely abolished in 
the presence of lidocaine (500 uM) and clonidine 
(500 uM) together, whereas only 57% of the whole 
C-fiber population was blocked by the mixture of the 
two drugs. Tetrodotoxin-resistant C-fibers are there- 
fore more sensitive to lidocaine and clonidine than 
the C-fiber population as a whole, and may thus 
mediate part of the enhancing effects of clonidine on 
lidocaine-induced C-fiber inhibition. 

In conclusion, an enhancing effect of a low dose of 
clonidine (500 nM) on lidocaine (500 »M)-evoked 
inhibition of C-fiber AP was shown, which might 
explain the clinical observation that clonidine pro- 
longs the action of lidocaine in peripheral nerve 
block, where it is administered at approximately 
1000-fold lower concentrations than lidocaine. A 
TTX-resistant C-fiber population was identified, 
which was especially sensitive to the inhibition by 
lidocaine and clonidine. 


References 


1. Goldfarb G, Ang ET, Debaene B, Delefosse D, Jolis P. Duration 
of analgesia after femoral nerve block with lidocaine: effect of 
clonidine added to the anesthetic solution (abstract). Anesthe- 
siology 1989;71:A644. 

2. Goldfarb G, Ang ET, Debaene B, Galet C, Jolis P. Duration of 
analgesia after femoral nerve block with bupivacaine: effect of 
clonidine added to the anesthetic solution (abstract). Anesthe- 
siology 1989;71:A643. 

3. Singelyn FJ, Gouverneur JM. Duration of block and analgesia 
after brachial plexus anesthesia with mepivacaine: effect of 
clonidine added to the anesthetic solution (abstract). Anesthe- 
siology 1990;73:A797. 

4. Wyss E, Karp P, Mons P, Bellhacen R, Alame A, Ruelle JL. 
Effects of intramuscular or local clonidine for prolongation of 
brachial plexus block with lidocaine (abstract). Anesthesiology 
1990;73:A821. 

5. Starke K, Wagner J, Schtimann HJ. Adrenergic neuron block- 
ade by clonidine: comparison with guanethidine and local 
anesthetics. Arch Int Pharmacodyn 1972;195:291-308. 

6. Von Hoefke W, Kobinger W. Pharmakologische Wirkungen 
des 2-(2,6-Dichlorphenylamino)-2-imidazolin-hydrochlorids, 
einer neuen, anthypertensiven Substanz. Arzneim Forschung 
1966;16:1038—50. 

7. Rozsa AJ, Beuermann RW. Density and organization of free 
nerve endings in the corneal epithelium of the rabbit. Pain 
1982;14:105~20. 


8. 


10. 


ge 


16. 


17. 


18. 


19; 


20. 


21. 


24. 


REGIONAL ANESTHESIA AND PAIN MANAGEMENT GAUMANN ET AL. 725 


ACTION OF CLONIDINE ON C-FIBERS 


Jirounek P, Straub RW. The potential distribution and the 
short-circuiting factor in the sucrose gap. Biochem J 1971;11:1- 
10. 


. Jirounek P, Jones GJ, Burckhardt CW, Straub RW. The correc- 


tion factors for sucrose gap measurements and their practical 
applications. Biophys J 1981;33:107-19. 

Jirounek P, Chardonnens E, Brunet PC. Afterpotentials in 
nonmyelinated nerve fibers. J Neurophysiol 1991;65:860-73. 
Ritchie JM, Straub RW. The after-effects of repetitive stimula- 
tion on mammalian non-medulated fibers. J] Physiol (Lond) 
1956;137:698-711. 


. Neef KJ, Jansen RC, Versprille A. Developmental morphome- 


try and physiology of the rabbit vagus nerve. Developmental 
Brain Res 1982;4:265-74. 


. Gannong WF. Review of medical physiology. 12th ed. Los 


Altos, Calif.: Lange Medical Publications, 1985:42. 


. Rosenberg PH, Heavner JE. Temperature-dependent nerve- 


blocking action of lidocaine and halothane. Acta Anaesthsiol 
Scand 1980;24:314-20. 


. Raymond SA, Gissen AJ. Mechanisms of differential block. In: 


Strichartz GR, ed. Local anesthetics. Handbook of experimen- 
tal pharmacology. Volume 81. Berlin, Heidelberg: Springer 
Verlag, 1987:95~164. 

Butterworth JF, Strichartz GR. Molecular mechanisms of local 
anesthetics: a review. Anesthesiology 1990;72:711-34. 

Rouot B, Leclerc G, Wermuth C-G, Miesch F, Schwartz J. 
Relations structure-activité et problémes posés par le mécha- 
nisme d'action de la clonidine. J Pharmacol (Paris) 1977;8:95— 
106. 

Strichartz GR, Ritchie JM. The action of local anesthetics on ion 
channels and excitable tissues. In: Strichartz GR, ed. Local 
anesthetics. Handbook of experimental pharmacology. Vol- 
ume 81. Berlin, Heidelberg: Springer Verlag, 1987:21-52. 
Unnerstall JR, Kopajtic TA, Kuhar MJ. Distribution of a, 
agonist binding sites in the rat and human central nervous 
system: analysis of some functional, anatomic correlates of the 
pharmacologic effects of clonidine and related adrenergic 
agents. Brain Res Rev 1984;7:69-101. 

Langer SZ, Duval N, Massin R. Pharmacologic and thera- 
peutic significance of alpha-adrenoreceptor subtypes. J Cardio- 
vasc Pharmacol 1985;7(Suppl 8):1-8. 

Gaumann D, Forster A, Griessen M, Poinsot O, Habre W, 
Della Santa D. Comparison between the admixture of cloni- 
dine or epinephrine to lidocaine in axillary plexus block (ab- 
stract). Anesth Analg 1992;74:5107. 


. Ritchie JM, Bogart RB. The binding of saxitoxin and tetrodo- 


toxin to excitable tissue. Rev Physiol Biochem Pharmacol 
1977;79:1-50. ' 


. Colquhoun D, Henderson R, Ritchie JM. The binding of 


labelled tetrodotoxin to nonmyelinated nerve fibers. J] Physiol 
(Lond) 1972;227:95-126. 

Ikeda SR, Schofield GG. Tetrodotoxin-resistant sodium current 
of rat nodose neurones: monovalent cation selectivity and 
divalent cation block. J Physiol (Lond) 1987;389:255~70. 


. Yoshida S, Matsuda Y, Samjima A. Tetrodotoxin-resistant 


sodium and calcium components of action potentials in dorsal 
root ganglion cells of the adult mouse. J Neurophysiol 1978; 
41:1096-106. 


. Moczydlowski E, Uehara A, Guo X, Heiny J. Isochannels and 


blocking modes of voltage-dependent sodium channels. In: 
Kao CY, Levinson SR, eds. Tetrodotoxin, saxotoxin, and the 
molecular biology of the sodium channel. Ann NY Acad Sci 
1986;479:269-92. 


Role of Spinal Opioid Receptors in the Antinociceptive 
Interactions Between Intrathecal Morphine and Bupivacaine 


Gopi A. Tejwani, PhD, Anil K. Rattan, PhD, and John S. McDonald, MD 
Departments of Anesthesiology and Pharmacology, The Ohio State University College of Medicine, Columbus, Ohio 


In studies on the clinical management of pain, a 
combination of morphine and bupivacaine is more 
effective than either of them alone in producing 
analgesia. The present study was designed to exam- 
ine the effect of bupivacaine on morphine-induced 
antinociception as measured by the tail-flick test in 
the rat. To understand the basis of this interaction, 
the effect of bupivacaine on the binding of opioid 
ligands to their spinal opioid receptors in the rat also 
was investigated. Intrathecal administration of 5, 20, 
or 50 pg bupivacaine significantly potentiated the 
antinociception produced by intrathecal administra- 
tion of 10 ug morphine. There was more than a 10- 
fold increase in the area under the curve (AUC, ¢, min) 
for morphine-induced antinociception in the pres- 
ence of bupivacaine. At higher doses of morphine 
(20 ug), bupivacaine was not very effective, increased 


upivacaine, an amino-amide local anesthetic, 

has gained its wide acceptance in obstetric 

anesthesia because it is possible to provide a 
relatively long duration of analgesia with minimal 
side effects on motor function by epidural adminis- 
tration of this drug in patients during labor (1). At 
higher doses, bupivacaine has a rapid onset of action, 
produces a more profound degree of analgesia and 
motor blockade, and provides a longer duration of 
sensory anesthesia (2). Regardless of the local anes- 
thetic used, supplemental analgesics to relieve pain 
may be required. It is well established that therapeu- 
tic doses of morphine and many other opioid agonists 
produce a dose-related depression of respiration in 
most animals, which is reversed by opioid antago- 
nists (3). Intrathecal morphine can be rapidly admin- 
istered and provides good analgesia for the first stage 
of labor; however, the associated long latency, high 
incidence of side effects, and lack of perineal anes- 
thesia severely limit its usefulness (4-7). The addition 
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AUC) 60 min for antinociception by only about 25%, 
and in fact significantly decreased the total duration 
of morphine-induced antinociception. Radioreceptor 
assays done with rat spinal cord membrane prepara- 
tions revealed that bupivacaine (0.1-10 nM) inhibited 
the binding of specific ligands to w-receptors but 
increased the binding to & and x-receptors. The 
authors conclude that the facilitation of morphine- 
induced antinociception by bupivacaine may be asso- 
ciated with a conformational change in the spinal 
opioid receptors induced by bupivacaine. Although 
increasing the binding of morphine to x-opioid recep- 
tors is the most prominent effect, the binding of 
opioid ligands to all spinal receptors is inhibited at 
high doses of bupivacaine. 

(Anesth Analg 1992;74:726-34) 


of an opioid to a local anesthetic allows a reduction in 
the dosage of local anesthetic and opioid, which 
results in less intense motor blockade (8,9). Many 
investigators have postulated a synergistic analgesic 
effect of local anesthetic agents and opiates when 
given intrathecally or epidurally, but little objective 
evidence has been presented to quantitate such an 
effect or elucidate the mechanism of synergism. The 
present study was undertaken to compare the anti- 
nociceptive effects of various combinations of mor- 
phine and bupivacaine administered intrathecally in 
the rat. Specifically, we investigated whether the 
opiate antagonist naloxone reversed the antinocicep- 
tive effects produced by bupivacaine and/or mor- 
phine, and whether bupivacaine affected morphine- 
induced antinociception by altering the binding of 
opioid ligands to their receptors in the rat spinal cord. 
A preliminary report on this work done with epidural 
administration of the drug has been published (10). 


Methods 


This study received prior approval from the Ohio 
State University Institutional Laboratory Animal Care 
and Use Committee. After catheter implantation as 
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described below, male Sprague-Dawley rats (300- 
350 g, Zivic-Miller Lab., Allison Park, Pa.) were 
housed individually in standard cages at room tem- 
perature (22 + 1°C) on a 12-h light and 12-h dark 
cycle. Laboratory rat food and water were given ad 
libitum. Tests were administered during the light 
cycle. 

Rats were prepared for intrathecal drug injection 
according to the method originally described by 
Yaksh and Rudy (11) with a slight modification. Rats 
were anesthetized with ketamine (Vetalar, 80 mg/kg, 
IM) and xylazine (Rompum, 8 mg/kg, IM). Briefly, 
the head and the back of the neck were shaved and 
cleaned with 1% Podiodine solution, and the head 
was fixed in a stereotaxic instrument (David-Kopf 
Instruments, Tujunga, Calif.). Using aseptic proce- 
dures, the cisternal membrane was exposed and the 
dura was cut rostrocaudally in the midline approxi- 
mately 2-3 mm from the posterior rim of the foramen 
magnum. A 10-cm-long polyethylene catheter (PE-10, 
0.61-mm outside diameter; Clay Adams, Par- 
sippany, N.J.) was sterilized by immersion in 70% 
ethanol and then washed and flushed with sterile 
saline solution (0.9% NaCI) before use. The catheter 
was inserted into the spinal subarachnoid space 
through a slit made in the cisternal membrane and 
was advanced caudally with a slight rotation to a 
position that corresponded to L-2 to L-6 vertebrae. 
The external catheter was affixed to the skull by two 
screws fixed to the cranial surface with cranioplastic 
cement, and to the end of this PE-10 tubing, a 0.5-cm 
length of polyethylene tubing (PE-50, 0.58-mm inside 
diameter) was joined. To the latter tubing, a stainless 
steel guide cannula (22 gauge, Plastic Products, 
Roanoke, Va.), consisting of a threaded plastic ped- 
estal molded around a piece of needle tubing, was 
inserted. This guide cannula was closed by a dummy 
cannula. The standard internal injector cannula (28 
gauge) was always used for intrathecal microinjec- 
tions and affixed to the skull by two screws fixed to 
the cranial surface with cranioplastic cement. The 
wound was then closed. The rats were allowed to 
recover for a week before undergoing any testing; 
those showing any neurologic deficit (about 10% of 
the total number of animals) were excluded from the 
studies (12). 

Rats were used for a single experiment. The ani- 
mals were anesthetized with ketamine (Vetalar, 
80 mg/kg, IM) and xylazine (Rompum, 8 mg/kg, IM) 
at the end of the experiment, and 20 uL of 3% ferric 
chloride and 1% potassium ferrocyanide in 10% for- 
malin were injected into the catheter to aid in the 
evaluation of catheter placement as indicated by a 
Prussian blue color. The animals were dissected, and 
the location of the tip of the catheter was verified. 


REGIONAL ANESTHESIA AND PAIN MANAGEMENT TEJWANIET AL. 727 
MORPHINE- AND BUPIVACAINE-INDUCED ANTINOCICEPTION 


Data from animals with malpositioned catheters were 
excluded from the study. 

Rats were randomized to various treatment 
groups. Morphine sulfate (Winthrop Pharmaceuti- 
cals, Division of Sterling Drugs, New York, N.Y.) and 
bupivacaine (Astra Pharmaceuticals Products, West- 
borough, Mass.) were used for intrathecal adminis- 
tration using a 10-~L Hamilton microliter syringe 
(Hamilton Co., Reno, Nev.). The total volume in- 
jected was 20 uL (5 uL saline + 10 pL drug + 5 uL 
saline) and was kept constant in all experiments. The 
following sequence of 10 uL of intrathecal injections 
was given to each rat. 


1. Bupivacaine alone (5, 20, 50, or 100 yg) 

2. Morphine alone (10, 20, 50, or 100 ug) 

3. Morphine (10 yg) plus different doses of bupiv- 
acaine (5, 20, or 50 ug). 

4. Morphine (20 ug) plus different doses of bupiv- 
acaine (5, 20, or 50 ag). 


Graded dose-response relationships were then gen- 
erated for the various doses of morphine alone, 
bupivacaine alone, and bupivacaine in combination 
with morphine for all animals in the group, and the 
peak effects of probe testing were pooled for con- 
struction of a dose-response curve that represented 
six or more rats per probe test. 

Rats were tested for their nociceptive responses 
using a thermally evoked tail-flick test before and at 
the indicated times after drug administration. The 
tail-flick test was conducted with a Tail-flick Anal- 
gesia Meter (UTC, Woodland Hills, Calif.). The 
rheostat-controlled light (sensitivity 5, beam at 90%) 
was focused on the tail (5-7 cm from the tip), and the 
time interval from the onset of the heat stimulus to 
the flick of the tail was recorded automatically by the 
instrument. A cutoff time of 10 s was used to avoid 
tissue damage caused by intense heat (12). 

To determine opioid system involvement in medi- 
ating the antinociceptive effect of morphine and bu- 
pivacaine in some animals, an intrathecal dose of 
100 ug/10 uL naloxone was administered 15 min 
before the administration of these drugs. 

Tail-flick response latencies are presented as mean 
+ SEM. Comparisons between predrug and postdrug 
treatment were carried out with a one-way analysis of 
variance followed by the Newman-Keul’s t-test. In 
analysis of the relationship between the effects of 
drugs on tail-flick, latencies were converted to a 
percentage of maximal possible effect (MPE), where 

Postdrug latency — Predrug latency 

PMR Cok ane (10 s) — Predrug latency ~ He 
P values less than 0.05 were considered to be statis- 
tically significant. 

The area under the curve (AUC) was calculated by 


728 REGIONAL ANESTHESIA AND PAIN MANA 


accumulating the effect (MPE) measured at the dis- 
crete time intervals using the trapezoidal rule as 
described by Tallarida and Murray (13). 


AUC = % MPE x Time after drug administration. 


Normal rats not injected with any drugs were 
killed by decapitation, and the spinal cords were 
isolated and immediately frozen in liquid nitrogen 
until they were analyzed for activity of opioid recep- 
tors. Briefly, the spinal cords were homogenized in 
50 mM Tris-HCI buffer, pH 7.5 (100 mg wet wt/mL), 
and the homogenate was centrifuged at 49,000¢ for 
15 min at 4°C. The supernatant was decanted, arid 
the pellet was homogenized in its original volume of 
50 mM Tris-HCl buffer. This step was repeated, and 
the homogenized pellet was incubated at 37°C for 
40 min to remove and degrade the endogenous 
opioid peptides from the receptor sites. The final 
suspension was centrifuged at 49,000g for 15 min at 
4°C, and the pellet was homogenized in 22 mL of 
50 mM Tris-HCI buffer per 250 mg original tissue wet 
weight (14-16). Assays using spinal cord membrane 
suspensions (1 mL, consisting of about 1 mg protein) 
were performed in duplicate. The opioid ligands 
("H]naloxone (specific activity, 40.5 Ci/mmol), 
["H]morphine (specific activity, 86.2 Ci/mmol), 
(PH]Tyr-p-Ala-Gly-Methyl-Phe-Glyol-enkephalin 
(DAGO; specific activity, 32.1 Ci/mmol), PH]Tyr-p- 
Ser-Gly-Phe-Leu-THr-enkephalin (DSTLE; specific ac- 
tivity, 32.1 Ci/mmol), and PH]ethylketocyclazocine 
(EKC; specific activity, 25.3 Ci/mmol) were obtained 
from New England Nuclear, Boston, Mass. These 
ligands were incubated for 1 h at 25°C with spinal 
membrane suspensions in the presence and absence 
of nonradioactive ligands, as indicated in the fi 
legends, and were diluted in 50 mM Tris-HCl buffer. 
Morphine and bupivacaine solutions were made 
fresh every day and were used at the following 
concentrations: 


1. (a) Morphine alone (0.01-1000 nM) and 
(b) Bupivacaine alone (0.01-1000 nM) for all the 
radioactive opioid ligands. 
2. (a) Morphine alone (15 and 30 nM); 
(b) Bupivacaine alone (15, 62, and 154 nM); 
(c) Morphine (15 nM) with different concentra- 
tions of bupivacaine (15, 45, and 154 nM); and 
(d) Morphine (30 nM) with different concentra- 
tions of bupivacaine (15, 45, and 154 nM) for 
[?H]naloxone and [°H]EKC binding. 


The suspensions were then rapidly filtered on What- 
man GP/B filters, using a Brandel cell harvester to 
trap the labeled membranes, followed by three 3-mL 
washes with ice-cold 50 mM Tris-HCI buffer, pH 7.5. 
The filters were placed in vials containing 3 mL of 
liquid scintillation mixture and were counted in a 
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Figure 1. Dose-dependent antinociceptive action of morphine 
(filled circles) and bupivacaine (filled squares) in the tail-flick test. 
Morphine and bupivacaine were administered intrathecally into 
the subarachnoid space of the spirial cord and produced maximum 
antinociceptive effects 30 min after the injections. The number of 
animals was 6 or more per treatment in all the tests performed. 


Beckman liquid scintillatidn counter. Specific binding 
was defined as the difference between the amount 
bound in the absence and presence of 1 pM levor- 
phanol for naloxone and morphine, of 500 nM DAGO 
for u-receptors, of 500 nM DSTLE for 6-receptors, and 
of 500 nM ethylketocyclazocine for x-receptors. (Spe- 
cific binding = total binding — nonspecific binding.) 
When [°H]EKC was used, 100 nM each of DAGO and 
Tyr-p-Ala-Gly-Phe-p-Leu-enkephalin (DADLE) were 
included in the assay mixture to suppress the binding 
of this ligand to u- and 6-receptors (14-16). 


Results 


Injection of the vehicle (0.9% saline) in a group of six 
rats produced no significant change in the tail-flick 
(TF) response latency (3.5 + 0.4 s). Injection of saline 
also did not affect any motor function. Bupivacaine 
(100 ug) did not induce any motor blockade of the 
hind legs after intrathecal injection. None of the 
morphine doses used produced any evidence of 
motor impairment in the presence or absence of 
bupivacaine. 


Antinociception Produced by Intrathecal Morphine 
or Bupivacaine 


Intrathecally administer’d morphine and bupiv- 
acaine produced a dose-dependent increase in TF 
latency, the peak antinociceptive effect being ob- 
served at 30 min after the administration of these 
drugs (Figure 1). When 10 ug morphine alone was 
injected intrathecally, a weak and short-lasting anti- 
nociception with a peak effect 10 min after the injec- 
tion was observed (Figure 2A). When 5, 20, or 50 ug 
bupivacaine was injected intrathecally, significant 
antinociception was produced only at the highest 
dose (Figures 2A, 3A, and 4A). 
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Figure 2. Effect of bupivacaine (5 ug) on morphine- (10 ug) induced antinociception. A. Morphine (10 yg, open circles), bupivacaine (5 yg, 
open squares), and both together (filled squares) were injected intrathecally. B, C. Histogram showing the area under the curve (AUC) for (B) 
1 h and (C) 2-6 h after injection of drugs. B, bupivacaine; M, morphine; and BM, both together. Significant differences were obtained by 
using the Newman-Keul’s t-test: *P < 0.05 vs vehicle-injected group. Student's t-test was used for comparing the significance of the area 
under the curve: *P < 0.05 vs morphine-injected group (n = 6-8). TFL, tail-flick latency. 
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Figure 3. Effect of bupivacaine (20 ug) on morphine- (10 ug) induced antinociception. A. Morphine (10 yg, open circles), bupivacaine (20 ug, 
open squares), and both together (filled squares) were injected intrathecally. B, C. Histogram showing the area under the curve (AUC) for (B) 
1 h and (C) 2-6 h after injection of drugs. B, bupivacaine; M, morphine; BM, both together. Significant differences were obtained by using 
the Newman-Keul’s t-test: *P < 0.05 vs vehicle-injected group. Student's t-test was used for comparing the significance of the area under 
the curve: *P < 0.05 vs morphine-injected group (n = 6-8). TFL, tail-flick latency. 


Effect of Bupivacaine on Morphine- 
Induced Antinociception 


The antinociceptive effect produced with 50 ug bu- 
pivacaine lasted for about 30 min, after which the 
response latency rapidly declined to baseline values 
(Figure 4A). To investigate the effect of bupivacaine 
on morphine-induced antinociception, we used three 
different doses of bupivacaine (5, 20, and 50 yg) at 
two doses of morphine (10 and 20 ug), as shown in 
Figures 2-4 and 5~7. In the presence of 5, 20, or 50 ug 
bupivacaine, 10 wg morphine produced a synergistic 
effect and increased antinociception significantly 
more than that when morphine or bupivacaine were 
used alone. The response latency returned to baseline 
values after almost 3 h (Figures 2A, 3A, and 4A). 
We also calculated the AUC at two different tim- 


ings (a) AUC for the first 1 h and (b) AUC for 2-6 h. 
As shown in Figures 2B, 3B, and 4B (the AUC, ¢ min) 
and in Figures 2C, 3C, and 4C (the AUC, , n), there 
was a highly significant increase in the AUC when 
morphine and bupivacaine were used together com- 
pared with when either of them was injected alone. 

An enhanced antinociceptive effect was also seen 
after using a higher dose of morphine (20 yg) with all 
the doses of bupivacaine (5, 20, or 50 ug), but this 
was true only for the first hour when the total 
duration of the effect was determined (Figures 5A, 
6A, and 7A). AUC) 69 min also showed a significant 
increase (Figures 5B, 6B, and 7B). At the higher 
morphine dose (20 ug), however, increasing bupiv- 
acaine doses considerably decreased TF response 
latency during 2-6 h after injection as compared to 
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Figure 4. Effect of bupivacaine (50 ug) on morphine- (10 ug) induced antinociception. A. Morphine ( 
open squares), and both together (filled squares) were injected intrathecally. 
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1 h and (C) 2-6 h after injection of drugs. B, bupivacaine; M, morphine; BM, both together. Significant differences were obtained by using 
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Figure 5. Effect of bupivacaine (5 ug) on morphine- (20 ug) induced antinociception. The details of the experiment are exactly the same 
as described in the legend to Figure 2 except that morphine dose injected in this experiment was 20 ug. A. Morphine (20 ug, open circles), 
bupivacaine (5 ug, open squares), and both together (filled squares) were injected intrathecally. B, C. Histogram showing the area under the 
curve (AUC) for (B) 1 h and (C) 2—6 h after injection of drugs. B, bupivacaine; M, morphine; BM, both together. Significant differences were 
obtained by using the Newman-Keul’s t-test: *P < 0.05 vs vehicle-injected group. Student's t-test was used for comparing the significance 
of the area under the curve: *P < 0.05 vs morphine-injected group (n 


morphine alone (Figures 5A, 6A, and 7A). This 
inhibition was more apparent when AUC produced 
by combination of morphine and bupivacaine was 
compared to the AUC produced by morphine alone 
during 2-6 h (Figures 5C, 6C, and 7C). This type of 
inhibitory effect of bupivacaine on morphine-induced 
antinociception was not observed with the lower 
dose (10 ug) of morphine (Figures 2C, 3C, and 4C). 


Effect of Naloxone on Bupivacaine- 
Induced Antinociception 


To investigate whether bupivacaine affected mor- 
phine-induced antinociception by interacting with 
the spinal opioid receptors, we used naloxone, a pure 


= 6-8). TFL, tail-flick latency. 


opioid receptor antagonist. As shown in Figure 8, 
intrathecal injection of 100 ug naloxone, which by 
itself had no effect on the basal antinociception, 
abolished morphine- as well as bupivacaine-induced 
antinociception. Antinociception produced by giving 
bupivacaine and morphine together was also consid- 
erably decreased in the presence of naloxone (Figure 
8), indicating a possible interaction of bupivacaine 
with spinal opioid receptors. 


Modulation of Spinal Opioid Receptors 
by Bupivacaine 


To determine whether bupivacaine affected morphine- 
induced antinociception (Figures 2-7) by modulating 
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Figure 6. Effect of bupivacaine (20 ug) on morphine- (20 ug) induced antinociception. The details of the experiment are exactly the same 
as described in the legend to Figure 3 except that the morphine dose injected in this experiment was 20 ug. A. Morphine (20 ug, open circles), 
bupivacaine (20 ug, oven squares), and both together (filled squares) were injected intrathecally. B, C. Histogram showing the area under the 
curve (AUC) for (B) 1 h and (C) 2-6 h after injection of drugs. B, bupivacaine; M, morphine; BM, both together. Significant differences were 
obtained by using the Newman-Keul’s t-test: *P < 0.05 vs vehicle-injected group. Student's t-test was used for comparing the significance 
of the area under the curve: *P < 0.05 vs morphine-injected group (n = 6-8). TFL, tail-flick latency. 


[ez] 
Oo 
o 
oO 
uw 
O 
o 


un 
oO 
Oo 
O 
> 
o 
oO 


A TFL CAMPE) 
a er 
S&S 6§ 6 


= 
© 
= 
Area Under Curve c-a (MPE. h 


Area Under Curve co-go> MPE. min) 





0 IS 30 45 60nin2h 3h 4h 6h 


Time After Drug Administration 


Figure 7. Effect of bupivacaine (50 ug) on morphine- (20 ug) induced antinociception. The details of the experiment are exactly the same 
as described in the legend to Figure 4 except that the morphine dose injected in this experiment was 20 ug. A. Morphine (20 yg, open circles), 
bupivacaine (50 ug, open squares), and both together (filled squares) were injected intrathecally. B, C. Histogram showing the area under the 
curve (AUC) for (B) 1 h and (C) 2-6 h after injec-ion of drugs. B, bupivacaine; M, morphine; BM, both together. Significant differences were 
obtained by using the Newman-Keul’s t-test: *P < 0.05 vs vehicle-injected group. Student's t-test was used for comparing the significance 
of the area under the curve: *P < 0.05 vs morphine-injected group (n = 6-8). TFL, tail-flick latency. 


the binding of morphine to opioid receptors, we suggest that a direct effect of bupivacaine on the 
determined the effect of morphine alone, bupivacaine binding of opioids to their receptors depends on the 
alone, and both morphine and bupivacaine together type of receptor studied. Bupivacaine inhibits the 
on the binding of [H]naloxone, [ H]morphine, binding of u-receptors (Figures 9A and 10A) and in- 
PH]DAGO, [SH]DSTLE, and [*H]JEKC to spinal opi- creases the binding of 6- (Figure 10B) and x-receptors 
oid receptors (Figures 9 and 10). Morphine alone (Figure 10C). 

(0.01-1000 nM) in a dose-dependent manner inhib- The facilitation of morphine-induced antinocicep- 
ited the specific binding of [*H]nalcxone, [?H]mor- tion by bupivacaine (Figures 2-5) was not associated 
phine, [PH]DAGO, (SH]DSTLE, and [°H]EKC (Fig- with an increase in the binding of [ H]morphine to 
ures 9 and 10). Bupivacaine alone (0.01-1000 nM) opioid receptors. However, it is possible that bupiv- 
decreased the specific binding of [ ’H]naloxone (Fig- acaine modulates the conformation of spinal opioid 
ure 9A) and [7H]DAGO (Figure 10A), increased the receptors and indirectly promotes the binding of 
specific binding of [H]DSTLE (Figure 10B) and morphine to opioid receptors. As shown in Table 1, 
[7 H]JEKC (Figure 10C), and had no effect on [7H]mor- low concentrations of bupivacaine alone inhibited the 
phine specific binding (Figure 9B). These results binding of [ H]naloxone slightly but potentiated the 
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Figure 8. Effect of intrathecal naloxone (100 ug/10 uL) on the 
antinociception produced by morphine and bupivacaine. Tail-flick 
latency was measured 30 min after the injection of 20 ug morphine 
(M) alone, 50 ug bupivacaine (B) alone, and morphine and bupiv- 
acaine in combination (BM). Naloxone (100 yg) was also adminis- 
tered intrathecally 15 min before the injection of these drugs alone 
or in combination. Naloxone alone (N), naloxone and morphine 
(NM), naloxone and bupivacaine (NB), and naloxone, morphine, 
and bupivacaine (NBM); n = 5-7. Significant differences were 
obtained by the Newman-Keul’s t-test following a significant 
analysis of variance. *P < 0.05 (compared with morphine, bupiv- 
acaine, or morphine + bupivacaine, respectively). TFL, tail-flick 
latency. 


displacement of [*H]naloxone by 15 or 30 nM mor- 
phine, indicating that in the presence of bupivacaine 
it is easier for morphine to bind to spinal opioid 
receptors and thus displace [°H]naloxone. 

Bupivacaine also increases the binding of opioid 
ligands to k-receptors as well as increases the binding 
of morphine to x-receptors. As shown in Table 2, 
bupivacaine increased the binding of [7HJEKC directly 
as well as potentiated the displacement of [*H]EKC by 
15 or 3C nM morphine, indicating that it is easier for 
morphine to bind to x-receptors in the presence of 
bupivacaine than in its absence. 


Discussion 


Intrathecal morphine in combination with epidural 
administration of bupivacaine provides better analge- 
sia in women in labor than the administration of 
either drug alone (17). Several other reports have 
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suggested that spinal opiates render subanalgesic 
concentrations of local anesthetics efficacious (18-21). 
To understand the mechanism of interaction between 
morphine and bupivacaine in producing antinoci- 
ception, we used normal rats with indwelling intra- 
thecal catheters. The results of this study indicate that 
upon intrathecal injection, the antinociceptive effects 
of morphine, when combined with bupivacaine, 
were significantly greater than when morphine or 
bupivacaine was injected alone (Figures 2-4). A sig- 
nificant enhanced antinociceptive effect was even 
obtained after injections of these drugs in mixed 
doses of morphine and bupivacaine so low that by 
themselves they had little or no effect. Both the 
degree and the duration of antinociception were 
improved. The present study also supports the clin- 
ical observation that combining narcotics with local 
anesthetics can provide excellent pain relief. Several 
investigators have suggested that these combinations 
may produce a synergistic antinociceptive effect, 
while reducing the incidence of side effects (17,22). 
From our study it is also clear that the doses of these 
drugs should be low; increasing the dose of morphine 
or bupivacaine reduces the duration but not the 
extent of antinociception produced (Figures 2-7). 
These results also suggest that bupivacaine may 
modulate opioid receptors as naloxone was able to 
block these antinociceptive effects (Figure 8). 
Pharmacokinetic studies (using a stable isotope 
method) of bupivacaine after subarachnoid adminis- 
tration in humans have shown that this drug is very 
slowly absorbed and remains in the subarachnoid 
space for a long time (23). Studies on the distribution 
of morphine, after subarachnoid injection, have re- 
vealed that morphine remains in the spinal cord and 
spinal roots for an extended time period and is 
localized predominantly around the injection site 
with limited rostral and caudal spread (24). This 
could account for the prolonged subarachnoid mor- 
phine effect seen clinically. Several types of opioid 
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Figure 9. A comparison of the effects of morphine and bupivacaine on the binding of [*H]naloxone (A) and [*H]morphine (B) to the spinal 
opioid receptors. The concentration of [*H]naloxone or [*H]morphine used was 0.5 nM. Bupivacaine, solid bars; morphine, cross-hatched bars. 
Data are presented as mean + sEM, n = 4-6. Statistical analysis was performed by using the Newman-Keul’s t-test. *P < 0.05 vs control 
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Figure 10. A comparison of the effects of morphine and bupivacaine on the binding of (SH]DAGO (u-receptors, A), [PH]DSTLE 
(6receptors, B), and SHIJEKC (x-receptors, C) to the spinal opioid receptors. The concentrations of H]DAGO and [*HJDSTLE were 1 nM 
and that of [SHJEKC was 2 nM. Bupivacaine, solid bars; morphine, cross-hatched bars. Data are presented as mean + SEM, n = 4-6. Statistical 
analysis was performed by using the Newman-Keul’s t-test. *P < 0.05 vs control (con). 


Table 1. Inhibition of the Binding of [*H]Naloxone to Spinal Opioid Receptors by Morphine and Bupivacaine 


[PH ]Naloxone 
Morphine Bupivacaine specific binding 
(nM) (nM) (cpm) Significance 

0 0 262. 4.12 Control 

15 0 45 + 10 P < 0.05 vs control 
30 0 1I3 +6 P < 0.05 vs control 

0 15 245 + 10 NS vs control 

0 62 200 + 11 P < 0.05 vs control 

0 154 190 + 9 P < 0.05 vs control 

15 15 69 + 10 P < 0.05 vs 15 nM morphine 
15 62 70 + 10 P < 0.05 vs 15 nM morphine 
15 154 60 + 6 P < 0.05 vs 15 nM morphine 
30 15 y=) P < 0.05 vs 30 nM morphine 
30 62 0+ 0 P < 0.05 vs 30 nM morphine 
30 154 0+0 P < 0.05 vs 30 nM morphine 


I 
NS, not significant. 
Data are presented as mean + sEM of at least 3-4 experiments performed in duplicate. Statistical analysis was performed using the Newman-Keul’s test. 
The details of receptor binding are given in Methods. 


Table 2. Inhibition of the Binding of PH]EKC to Spinal Opioid Receptors by Morphine and Bupivacaine 


[P H]EKC 
Morphine Bupivacaine specific binding 
(nM) (nM) (cpm) Significance 

0 0 310 + 24 Control 

15 0 2295 = 20 P < 0.05 vs control 
30 0 208 + 17 P < 0.05 vs control 

0 15 498 + 16 P < 0.05 vs control 

0 62 456 + 23 P < 0.05 vs control 

0 154 414 + 16 P < 0.05 vs control 

15 19 86 + 26 P < 0.05 vs 15 nM morphine 
15 62 85 + 14 P < 0.05 vs 15 nM morphine 
15 154 89 + 11 P < 0.05 vs 15 nM morphine 
30 Id 0 =.0 P < 0.05 vs 30 nM morphine 
30 62 0+0 P < 0.05 vs 30 nM morphine 
30 154 0+0 P < 0.05 vs 30 nM morphine 


Data are presented as mean + SEM of at least 3-4 experiments performed in duplicate. Statistical analysis was performed using the Newman-Keul’s test. 
The details of receptor binding are given in Methods. 
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receptors such as the u-, &, and x-receptors have 
been implicated in the antinociceptive mechanisms 
when activated by drugs administered peripherally 
or centrally (25,26) or locally to the spinal cord surface 
(27). At the neural level, opioids are usually inhibi- 
tory. This action probably is mediated by ion channel 
mechanisms. p-Receptors are coupled to voltage- 
dependent or calcitum-dependent potassium chan- 
nels (28), whereas «-receptors inhibit voltage- 
dependent calcium channels (29). There is a high 
density of x-receptors in the spinal cord (16). We 
observed that morphine was much more effective in 
displacing [H]naloxone, [°H]morphine (nonspecific 
-receptor agonist), [HJDAGO (y-receptor), [SH] 
DSTLE (é-receptor), and ["HJEKC (x-receptor) from 
the spinal opioid receptors as compared with bupiv- 
acaine (Figures 9 and 10). 

It appears that bupivacaine may alter the confor- 
mation of opioid receptors in such a way that in the 
presence of bupivacaine it is easier for morphine or 
EKC to bind to opioid receptors and displace 
[?H]naloxone (Table 1). In addition to local anesthet- 
ics, some other drugs such as benzodiazepine recep- 
tor agonists may also affect morphine-induced anti- 
nociception by modulating spinal opioid receptors. 
For example, facilitation of morphine binding to 
spinal opioid receptors was also observed at low 
concentrations of midazolam (12). 

In conclusion, we report that facilitation of 
morphine-induced antinociception by bupivacaine 
may be associated with conformational change in the 
spinal opioid receptors that promotes the binding of 
morphine largely to x-opioid receptors. The extent of 
the interactions between these two drugs depends 
upon their relative concentration in the subarachnoid 
space. We have also demonstrated a direct effect of 
bupivacaine on the binding of opioids to u and 6 
spinal receptors. 
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Influence of Promethazine on Symptom-Therapy Scores 
for Nausea During Patient-Controlled Analgesia 


With Morphine 
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Department of Anesthesiology, Yale University School of Medicine, New Haven, Connecticut 


We assessed whether adding promethazine to the 
syringe containing morphine for patient-controlled 
analgesia (PCA) decreases nausea after gynecologic 
surgery. Patients were assigned randomly to receive 
PCA (morphine 1.5 mg, 6-min lockout interval) with 
or without promethazine (0.625 mg/PCA dose, pro- 
viding an average of 17.6 mg/24 h). Assessments 
included a visual analogue scale (VAS) for nausea 
(0 = none, 10 = worst possible) at scheduled times, 
rescue therapy requirements, and a maximum symp- 
tom-therapy score that provided an aggregate assess- 
ment of nausea intensity, duration, and response to 
rescue therapy (0 = no nausea; 1 = mild; 2 = 
moderate, requiring droperidol; 3 = severe or persist- 


ausea is a relatively commen complaint of 
Nees receiving opioids by intravenous 

patient-controlled analgesia (PCA) during re- 
covery from intraabdominal surgery (1-4). The main- 
tenance of plasma opioid concentration by serial 
self-administration, although beneficial for analgesia, 
may increase the likelihood of opioid-related side 
effects. We undertook the present investigation to 
determine if the addition of promethazine to the 
PCA-morphine syringe would minimize unwanted 
opioid side effects by permitting simultaneous “titra- 
tion” of these drugs. The beneficial effects of such a 
combination have been noted with more traditional 
(e.g., intramuscular) dosing regimens (5-10), and the 
compatibility of morphine and promethazine within 
the same syringe has been documented (11). In view 
of possible potentiation of side effects, we elected to 
provide approximately 20% of the typical prometha- 
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ent, requiring droperidol; 4 = requiring droperidol + 
transdermal scopolamine; 5 = unrelieved). Nausea 
scores on the visual analogue scale at 2, 6, 8, and 24h 
and use of rescue droperidol identified no significant 
differences between the groups. However, symptom- 
therapy scores differed significantly, with median 
values of 0 and 2, respectively, for the promethazine- 
treated and control groups. We conclude that simul- 
taneous titration of morphine and promethazine de- 
creases nausea associated with PCA therapy; the 
difference may best be appreciated with use of the 
combined symptom-therapy score. 

(Anesth Analg 1992;74:735-8) 


zine dose for this initial assessment of the efficacy and 
safety of combination PCA therapy. 

In addition to evaluating a specific regimen, we 
sought to address a problem that often complicates 
assessment of antinausea prophylaxis and therapy: 
which index of efficacy should be monitored? Assess- 
ment of symptoms is reliable only until “rescue” 
therapy is given; quantification of rescue therapy 
does not delineate symptom severity. We have intro- 
duced a “symptom-therapy score” that takes intc 
account the severity of nausea as well as the need for, 
and the efficacy of, rescue therapy. The present 
investigation constitutes the first assessment of this 
technique as a means to overcome the aforemen- 
tioned limitations. 


Methods 


After institutional Human Investigation Committee 
approval and informed written consent had been 
obtained, we studied 30 patients recovering from 
major abdominal gynecologic surgery who requested 
PCA in the postoperative period. Exclusion criteria 
included age <18 yr or >60 yr, a history of substance 
abuse, opioid or phenothiazine sensitivity, parkin- 


Anesth Analg 1992;74:735-8 735 


736 SILVERMAN ET AL. 
MORPHINE WITH PROMETHAZINE FOR PCA 


sonism, concurrent phenothiazine therapy, and pres- 
ence of a nasogastric tube. General anesthesia with 
nitrous oxide, isoflurane, and fentanyl was adminis- 
tered at the discretion of the assigned anesthesiolo- 
gist, who was not part of the investigative team. 
Nausea was treated postoperatively in the postanes- 
thesia care unit (PACU) in the standard manner with 
droperidol 0.625 mg IV, and pain was treated with 
morphine 1-2 mg IV, as needed. Even if a patient 
required and received droperidol in the PACU, she 
was retained in the study as the need for such 
treatment in the PACU ordinarily would not alter our 
subsequent analgesic and antiemetic regimens. 

On arrival in the patient care unit, patients were 
assigned randomly to receive one of two PCA regi- 
mens. Group A (n = 15) received morphine 1.5 mg 
with a 6-min lockout interval and a 4-h maximum of 
30 mg. Group B (n = 15) received promethazine 
0.625 mg with each morphine dose (i.e., 12.5 mg of 
promethazine was added to each 30- mL syringe of 
morphine 1 mg/mL); this amounted tq an average 
of 17.6 mg over a 24-h period. The patients, Acute 
Pain Service physicians, and investigators were 
blinded to aes assignment. 

At 2, 8, 12, and 24 h after transfer to the patient 
care unit, ha patient was monitored by a research 
nurse with respect to the self-reported nausea on a 
visual analogue (VAS) scale (0 = none, 10 = worst 
possible nausea) and observer scoring of sedation 
(0 = alert, conversant; 1 = drowsy, conversant; 2 = 
drowsy, nonconversant; 3 = very drowsy, dis- 
oriented), If the patient was sleeping during a night- 
time assessment, she was not awakened if her respi- 
ratory rate was >10 breaths/min. In this context, 
sedation was not assessed, and a VAS nausea score of 
0 was recorded. 

In addition, each patient was instructed to notifiy 
her primary care nurse if she felt nauseated. Each 
time a new complaint was reported, the Acute Pain 
Service resident ‘was summoned to evaluate the pa- 
tient and treat the patient according to standard Pain 
Service protocol: patients with mild nausea were 
observed, and those with more severe nausea were 
given droperidol 0.5 mg IV. If nausea persisted for 2 h 
or became more severe, the dose of droperidol was 
repeated. If significant symptoms still persisted, a 
transdermal scopolamine patch (Transderm Scop, 
Ciba Pharmaceutical Co., Summit, N.J.) was applied. 
This rescue regimen constitutes the basic approach to 
postoperative nausea that is used at our institution. 
No other analgesic, sedative, or antinausea medica- 
tions were administered. 

In addition to the traditional assessments noted 
above, a maximum symptom-therapy score was de- 
termined: 0 = no nausea; 1 = nausea not deemed to 
require therapy; 2 = moderate nausea deemed to 
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Table 1. Visual Analogue Scores for Nausea at Scheduled 
Times After Transfer to Ward? 


Control Promethazine-treated 

Median Medjan 

Times Mean + sp (range) Mean + sp (range) 
2h 1.4 + 2.6 0.3 (0-9.8) 2.1 + 3.0 0.3 (Q-8.2) 
8h 0.9 + 1.6 0.2 (0-4.4) 1.0 + 2.4 0 (0-9.5) 
12 h 0.6 + 1.4 0 (0-5.1) 1.3 + 2.3 0 (0-4.2) 
24h 0.6 + 1.2 0.2 (0-4.4) 1.0 + 2.5 0 (0-9.2) 


"No significant differences were noted between the study groups at any 
of the time points. 


require droperidol; 3 = severe nausea requiring dro- 
peridol or persistent nausea requiring two doses of 
droperidol; 4 = nausea deemed to require transder- 
mal scopolamine because of persistent symptoms 
after droperidol; 5 = persistence of symptoms =4 h 
after transdermal application of scopolamine. The 
highest score attained for each patient was used for 
subsequent analysis. For each case where the patient 
received a symptom-therapy score of 0, the nursing 

records were reviewed to confirm that nausea had 
not been recorded by the patient’s care provider; no 
inconsistencies were noted. 

Data were analyzed with Wilcoxon rank-sum test 
(VAS and symptom-therapy scores), unpaired t-test 
(mean droperidol dose), and Pearson y analysis 
(proportion of symptom-therapy scores =1, or need 
for supplemental therapy). For each analysis, P < 
0.05 was considered to be statistically significant. 


Results 


All patients attained satisfactory analgesia and com- 
pleted the study protocol without major side effects. 
There were no significant differences among the 
groups with respect to pain, morphine usage, seda- 
tion, pruritus, or demographics. There were no inci- 
dences of disorientation or respiratory rate =<10 
breaths/min. In the PACU, before initiation of PCA, 
the incidence of droperidol administration likewise 
did not differ (n = 2 in each group). 

The apparent effectiveness of PCA-promethazine 
depended on which means of assessment was used. 
Scheduled VAS scores for nausea were not signifi- 
cantly different between the two groups (Table 1, P = 
NS). Eight control patients and four promethazine- 
treated patients received droperidol while using PCA 
(P = NS). The average amount of droperidol admin- 
istered to the eight control patients was 0.75 mg 
during the 24 h of PCA usage; the average amount to 
the four promethazine-treated patients was 0.625 mg 
(P = NS). The addition of promethazine to morphine 
for PCA was associated with a significant decrease in 





| proatianine 


Figure 1. Symptom-therapy score for patients receiving morphine 
alone (n = 15) and those receiving morphine plus promethazine 
(n = 15). 0 = No nausea; 1 = nausea not deemed to require 
therapy; 2 = moderate nausea deemed to require droperidol; 3 = 
severe nausea requiring droperidol or persistent nausea requiring 
two doses of droperidol; 4 = nausea deemed to require transder- 
mal scopolamine hee of persistent symptoms after droperidol; 
5 = persistence of symptoms =4 h after application of scopola- 
mine. 


the symptom-therapy score (Figure 1); i.e., the 
promethazine-treated patients received aggregate 
scores indicating less severe symptoms and less need 
for supplemental therapy. Control patients had me- 
dian and mean + sp symptom-therapy scores of 2 
and 2.4 + 1.7; promethazine-treated patients had 
corresponding values of 0 and 0.9 + 1.5 (P < 0.05 for 
difference between groups). A significant intergroup 
difference also was noted in the proportion of pa- 
tients assigned a score of =1 (P < 0.05). Multiple 
logistic regression confirmed that this relationship 
was not altered by the administration of droperidol in 
the PACU to two patients in each group. 


Discussion 

Promethazine’s effectiveness as an adjunct to opioid 
analgesia has been attributed to its sedative, anti- 
dopaminergic, antihistaminic, anticholinergic, and 
membrane-stabilizing properties (5-10,12). Its activity 
at the vestibular nucleus and medullary chemorecep- 
tor trigger zone may serve to reduce nausea. This 
effect was evident in the present study when a 
relatively small dose (17.6 mg/24 h) was added to the 
syringe containing morphine for PCA. 

Although droperido| is an effective antiemetic 
(13,14), it is not surprising that rescue with droperi- 
dol did not always prove to be an effective supple- 
ment for the promethazine-treated group. The anti- 
nausea effects of promethazine and droperidol 
appear to be mediated by similar mechanisms. Fur- 
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thermore, we selected an incremental dose of dro- 
peridol that was toward the low end of the recom- 
mended dosing spectrum (14); this facilitated 
detection of a combined effect in promethazine- 
treated patients. Scopolamine’s effectiveness primar- 
ily is attributable to anticholinergic-mediated interfer- 
ence with input and integration at the vestibular 
nucleus (15). Thus, it is not surprising that, in the 
present study, transdermal scopolamine proved to be 
effective for the cases of nausea that persisted after 
droperidol (with or without promethazine). 

Simultaneous titration of morphine and a drug 
such as promethazine should minimize delays jn 
obtaining therapy and reduce side effects associated 
with larger bolus doses. We selected a promethazine 
dose that is approximately 20% of the usual amount 
given with morphine to limit sedation and to limit the 
likelihood of unwanted extrapyramidal effects. Titra- 
tion of opioid to pain and, awareness, inherent in 
PCA, was undisturbed by the addition of the prometh- 
azine. The small dose was safe and was not associ- 
ated with adverse effects. Larger doses may prove to 
be even more effective, but cannot be recommended 
until their safety has been confirmed. A preliminary 
report has suggested that PCA dosing with 2-mg 
increments of promethazine (as opposed to 0.6 mg in 
the present study) actually may decrease the amount 
of morphine required by orthopedic patients, but at 
the cost of increased sedation (16). 

By designing the present protocol such that the 
symptom-therapy points were assigned only after the 
patient complained of nausea, we sought to avoid 
two of the limitations associated with scheduled 
assessments. First, this avoided concerns about as- 
signing scores if a patient was sleeping. Second, this 
allowed us to assess nausea before rescue therapy. 
The dilemma that we encountered in planning the 
present investigation, and that commonly is encoun- 
tered in such investigations, is how to assess a patient 
after she has received rescue therapy. In the interest 
of patient care, one does not allow symptoms to reach 
their potential maximum; i.e., if a patient is deemed 
to warrant rescue therapy, then it shoyld be admin- 
istered at that time. As related by Morrow in his 
recent review of chemotherapy-induced nausea (17), 
the duration of nausea is not routinely measured 
even though it is. likely to be of as much concern to 
patients as frequency or severity. The present 
symptom-therapy score has taken duration into ac- 
count by assigning points for persistent symptoms 
and the need for repeat doses of rescue therapy. 

We certainly are not the first to realize the impor- 
tance of monitoring the incidence and severity of nau- 
sea as well as the amount of rescue therapy. However, 
to our knowledge, others have not used an aggregate 
score such as that utilized in the present study. In a 
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recent comparison of severity scales for evaluation of 
chemotherapy-induced symptoms (18), it was noted 
that antiemetic therapy skewed the distribution of 
nausea measurements to the left by decreasing the 
number of patients suffering from severe nausea; an 
aggregate score was not determined. In an evaluation 
of cyclcphosphamide-induced nausea (19), the investi- 
gators commented that their decision to provide phe- 
nothiazine antiemetic therapy before cyclophospha- 
mide infusion probably led to underestimation of the 
duration and severity of nausea; this further supports 
our contention that an aggregate score would be help- 
ful. 

Similar conclusions have been reached in two 
recent investigations of postoperative nausea. In their 
comparison of ondansetron and placebo, Larijani et 
al. (20) noted no significant difference between nau- 
sea scores despite a significant difference in the need 
for rescue therapy; they attributed the lack of nausea 
score sensitivity in large part to “the number of 
dropouts” as a result of rescue therapy in the placebo 
group. In discussing their study, which likewise 
identified a beneficial effect of ondansetron, Bodner 
and White (21) noted that their study can be “‘criti- 
cized because the use of rescue antiemetic therapy 
would have an effect on the subsequent visual ana- 
logue scores, side effects, and discharge times, and 
would complicate the interpretation of follow-up 
data.” 

We thus believe that, by providing an aggregate 
assessment, the symptom-therapy score should im- 
prove the ability to discriminate among treatment 
regimens. Admittedly, its validity needs to be con- 
firmed in large patient populations, and its criteria 
may need to be standardized before the symptom- 
therapy score can be recommended for widespread 
use. However, as noted by Morrow in his recent 
review (17), there is no true standard means of 
assessing nausea and “there may be as many scales 
for assessing nausea/vomiting as there are investiga- 
tive groups studying the phenomenon.” As the 
symptom-therapy score simply has combined com- 
monly used criteria, there is little reason to suspect 
that its content would not reflect what it purports to 
assess or that the score would not converge on what 
it is designed to measure, i.e., the symptom-therapy 
score should maintain, and hopefully improve, the 
content and construct validity of nausea assessment. 

In conclusion, the addition of promethazine to the 
syringe containing morphine for PCA after major 
gynecologic surgery has resulted in a significant 
decrease in an aggregate symptom-therapy score for 
nausea. Combination PCA therapy may prove to be 
even more effective with larger doses of prometha- 
zine or with the introduction of other drugs. An 
aggregate assessment of symptoms and rescue re- 
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quirements (i.e., the symptom-therapy score) was a 
vital component of the present investigation. We 
recommend that other researchers consider using 
such a means of assessment for investigations that 
entail measurements of severity in the context of 
rescue therapy. 
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The effect of sevoflurane on diaphragmatic contractil- 
ity was investigated in 12 anesthetized, mechanically 
ventilated dogs with the thorax opened. Animals 
were divided into two groups of six each: the sevo- 
flurane and time control groups. We assessed con- 
tractility by the transdiaphragmatic pressure (Pdi) 
during supramaximal stimulation of the phrenic 
nerve at frequencies of 0.5, 10, 20, 50, and 100 Hz 
under quasiisometric conditions. The integrated elec- 
trical activity (Edi) of the crural and costal parts of the 
diaphragm (Edi cru, Edi cost) was also measured. In 
the sevoflurane group, diaphragmatic contractility 
was determined during three levels of anesthesia, 
specifically 0, 1.0, and 1.5 minimum alveolar anes- 
thetic concentration (MAC). Measurements were 
made at the start of the stimulation (initial) and at the 
end of the 2-s period (2-s). Increasing the depth of 


sevoflurane anesthesia did not cause any significant 
differences in Pdi and Edi at 0.5-, 10-, and 20-Hz 
stimulation. By contrast, at 50- and 100-Hz stimula- 
tion, initial Pdi during 1.0 and 1.5 MAC sevoflurane 
exposure decreased significantly compared with the 
0 MAC value (P < 0.05). In addition, there was a 
statistical difference in 2-s Pdi between 1.0 and 
1.5 MAC at 100-Hz stimulation (P < 0.05). The Edi 
cru showed similar changes in Pdi at both measure- 
ments, whereas there was no remarkable change in 
Edi cost. There was no significant change either in 
Pdi or in Edi with respect to time in the time control 
group. We conclude from these results that sevoflu- 
rane impairs diaphragmatic contractility through its 
inhibitory effect on neuromuscular transmission, pre- 
dominantly of the crural part. 

(Anesth Analg 1992;74:739-46) 





tility of the diaphragm has been examined 

using in vivo preparations (1—4). We have also 
previously demonstrated that sevoflurane impairs 
diaphragmatic function at moderate levels of anesthe- 
sia and suggested that this may be related to the 
impairment of neuromuscular transmission and/or 
membrane excitation because of the selective loss of 
force at high-frequency stimulation (5). In this study, 
diaphragmatic contractility was indirectly evaluated 
by measuring the transdiaphragmatic pressure (Pdi), 
and the function of neuromuscular transmission was 
not directly assessed. In addition, control measure- 
ments (data in the absence of sevoflurane exposure) 
were not obtained. Thus, in the present study, we 
measured Pdi and electromyographic activity during 
phrenic nerve stimulation at various concentrations 
of sevoflurane, namely 0 (pentobarbital alone), 1.0, 
and 1.5 MAC. Furthermore, the crural and costal 
parts of the diaphragm are two different muscles, 
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having different mechanical actions, embryogenic de- 
velopment, segmental innervation, and spindle con- 
tent (6-9). Accordingly, an electromyogram (EMG) 
was obtained from the crural and costal parts inde- 
pendently, and comparison was made between the 
changes in the EMG of these two parts. 


Methods 


Institutional approval for the experiment was ob- 
tained from the Animal Care and Use Committee of 
Chiba University School of Medicine. Twelve mon- 
grel dogs weighing between 9 and 17 kg were anes- 
thetized with pentobarbital sodium (30 mg/kg) intra- 
venously, with supplemental doses of anesthetics 
(2 mg-kg '-h ') given just to abolish spontaneous 
movement (Figure 1). The tracheas were intubated 
and ventilation was controlled with an Fro, of 1.0. In 
addition, 5 cm H,O of positive end-expiratory pres- 
sure was applied to avoid collapse of the lungs 
throughout the experiment. Minute ventilation was 
adjusted to keep the partial arterial pressure of CO, 
(Paco,) between 30 and 35 mm Hg. The femoral 
artery was cannulated to monitor arterial blood pres- 
sure and to draw blood samples for measurement of 
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Figure 1. Schematic representation of animal preparation. PEEP, 
positive end-expiratory pressure; Pdi, transdiaphragmatic pres- 
sure; Edi cost, integrated electrical activity of the costal part of the 


diaphragm; Edi cru, electrical activity of the crural part of the 


diaphragm. 


arterial blood gas tensions using the IL blood gas 
analyzer (Instrumentation Laboratories, model 1302). 
The left femoral vein was also cannulated to admin- 
ister fluids and bicarbonate to correct acidosis. Esoph- 
ageal temperature was continuously monitored with 
a thermister and was maintained constant at 38°C by 
a heating lamp. All dogs were studied in the supine 
position throughout the experiment. They were di- 
vided into two groups of six animals each: the sevo- 
flurane and time control groups. Sevoflurane was 
administered using a continuous flow vaporizer 
(Acoma, Japan). End-tidal anesthetic concentration 
was determined with an anesthetic gas monitor 
(Datex, Capnomac). 

Diaphragmatic contractility was assessed by mea- 
suring the transdiaphragmatic pressure (Pdi) and the 
integrated electrical activity (Edi) generated during 
bilateral phrenic nerve stimulation at different fre- 
quencies. The Pdi was defined as abdominal pressure 
(Pab) minus pleural pressure (Ppl). In our study, the 
thorax was widely opened through a sternotomy; 
thus Ppl was the same as atmospheric (Ppl = 0), 
making Pdi equal to Pab. The Pab was measured bya 
thin-walled latex balloon (5-cm length, 1 mL air), 
which was positioned in the abdominal cavity be- 
neath the costal part of the diaphragm through a 
small midline abdominal incision. The laparotomy 
was closed tightly in layers. The abdominal balloon 
was connected by a polyethylene catheter to one side 
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of the differential pressure transducer. The phrenic 
nerves were identified bilaterally at their entrance to 
the thorax and isolated from the surrounding tissue. 
A stimulating electrode was positioned on each, and 
the nerves were stimulated using an electric stimula- 
tor that delivered equidistant square-wave pulses of 
0.2-ms duration. Stimulus voltage was progressively 
increased and maximal response was judged by the 
size of twitch amplitudes. The maximal stimulation 
was achieved at approximately 20 V. Voltage was 
then increased 10%-20% to ensure that the stimula- 
tion remained supramaximal. Single-twitch stimula- 
tion was performed first, then tetanic stimulation of 
2-3-s duration was applied at increasing frequencies 
of 10, 20, 50, and 100 Hz. During stimulation, the 
airway was occluded at end-expiratory lung volume. 
Constancy of diaphragmatic geometry and muscle 
length during contraction was achieved by placing a 
closely fitted plaster cast around the lower one-third 
of the rib cage and the abdomen. The EMG of the 
crural and costal parts of the diaphragm was recorded 
with two pairs of fishhook electrodes placed through 
a sternotomy; electrodes were always positioned into 
the anterior portion of the crural part near the central 
tendon and the anterior portion of the costal part 
(away from the zone of apposition) in the left hemi- 
diaphragm. Each pair was placed in parallel fibers 
and 5-6 mm apart. The EMG was obtained by a 
preamplifier (Nihon Koden, AB601G) with a time 
constant of 30 ms. To measure this electrical activity 
quantitatively, the EMG was rectified and integrated 
through a leaky integrator (Nihon Koden, AB621G) 
with a time constant of 100 ms, and the Edi of the 
crural and costal parts of the diaphragm (Edi cru, Edi 
cost) was obtained. Measurements were made at the 
start of the stimulation (initial Pdi, initial Edi cru, 
initial Edi cost) and, in tetanic stimulation, at the end 
of the 2-s period (2-s Pdi, 2-s Edi cru, 2-s Edi cost). 
Measurements at the start of the stimulation were 
associated with the first muscle membrane action 
potential. The initial Pdi is the peak Pdi during 
high-frequency stimulation, but this is not true dur- 
ing low-frequency stimulation because of summa- 
tion. Two stimulations were performed at each fre- 
quency at 3-min intervals, and the average value of 
the two was used in the data analysis. 

The same protocol was followed in all the animals. 
A 60-min equilibration period was provided after 
completion of the surgical preparation. In the sevo- 
flurane group, measurements were made during 
three levels of anesthesia in each animal, namely, 0, 
1.0, and 1.5 MAC of sevoflurane, each after 30 min of 
steady-state conditions. The sequence of changing 
the anesthetic level (1.0 and 1.5 MAC) was random- 
ized among animals. In the time control group, to 
verify the stability of this preparation, measurements 
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Table 1. Mean Arterial Blood Pressure, pH, Partial Arterial Pressure of CO,, and Partial Arterial Pressure of O, in the 


Sevoflurane and Time Control Groups 


MAP 
(mm Hg) 
Sevoflurane group 
0 MAC 124 + 6.0 
1.0 MAC 93 + 4.0" 
1.5 MAC 76 Is 
Time control group 
Oh 128 + 7.0 
1h 119 + 6.0 
2h 120 + 5.7 


Paco, Pao, 

pH (mm Hg) (mm Hg) 
7.399 + 0.23 37 S42 402 + 12 
7.414 + 0.53 34.3 + 0.8 414 + 15 
7.402 + 0.15 34.7 + 1.0 417 + 12 
7.401 + 0.23 32.4 + 1.0 411 + 24 
7.401 + 0.23 31.6 + 1.3 374 + 11 
7.390 + 0.15 32.8 + 0.9 362 + 26 


MAP, mean arterial blood pressure; Paco, partial arterial pressure of CO; Pao , partial arterial pressure of O. 


Values are mean + 5EM. 
*P < 0.05 vs 0 MAC. 

oP < 0.01 vs 0 MAC. 

eP < 0.05 vs 1.0 MAC. 


were made every 60 min for the 2 h after the equili- 
bration period, namely, the first (0 hì, second (1 h), 
and third measurements (2 h). Arterial blood gas 
tension and mean arterial blood pressure were deter- 
mined at the end of each run. Signals of arterial blood 
pressure, Pdi, raw EMG, and Edi of each part of the 
diaphragm were recorded on an eight-channel re- 
corder (Nihon Koden, WS-682G). All values are given 
as mean + SEM. Statistical analysis was performed 
using analysis of variance and Tukey’s test. 


Results 


Average (+sEM) values of mean arterial blood pres- 
sure (MAP), pH, Paco, and partial arterial pressure 
of O, (Pao,) in the two groups under each experimen- 
tal condition are summarized in Table 1. Increasing 
the depth of sevoflurane anesthesia led to a signifi- 
cant decrease in MAP (mm Hg) from the 0 MAC 
value of 124 + 6.0 to 93 + 4.0 (1.0 MAC) and 76 + 1.2 
(1.5 MAC), whereas MAP in the time control group 
was found to be unchanged during a 2-h period. 
Intragroup differences in mean pH, Paco,, and Pao, 
in both groups were not statistically significant. 
There were no appreciable changes in Pdi, Edi cru, 
and Edi cost under the three depths cf sevoflurane at 
10- and 20-Hz stimulation (Figure 2). During 50-Hz 
stimulation, however, a significant decrease in both 
initial Pdi and Edi cru was observed during 1.0 and 
1.5 MAC sevoflurane exposure compared with 
0 MAC (Figure 2). In addition, Pdi and Edi cru at 
1.5 MAC during 100-Hz stimulation showed a 
marked fade phenomenon that was not apparent at 
1.0 MAC. The degree of decline of Edi cru was more 
prominent than that of Pdi. By contrast, there were 
no remarkable changes in Edi cost with increasing 
depth of sevoflurane anesthesia at 50 and 100 Hz. 
There was no significant difference in average 


values of initial Pdi at 0.5-, 10-, and 20-Hz stimulation 
with increasing depth of sevoflurane anesthesia (Ta- 
ble 2). On the other hand, initial Pdi at 50- and 100-Hz 
stimulation during 1.0 and 1.5 MAC decreased sig- 
nificantly compared with the 0 MAC value, whereas 
Pdi at 1.0 MAC did not differ from that at 1.5 MAC. 
Average (+SEM) values of 2-s Pdi are shown in Table 
3. In addition to the tendency observed in Table 2, 
there was a Statistical difference in 2-s Pdi between 
1.0 and 1.5 MAC at 100 Hz. 

Average Pdi-frequency curves during 0, 1.0, and 
1.5 MAC sevoflurane anesthesia at the start and at 
the end of the 2-s period of stimulation are shown in 
Figure 3. In these curves, values of Pdi are expressed 
as the percentage of maximum Pdi obtained in each 
animal (%Pdi max). Maximum Pdi appeared at al- 
most 50- or 100-Hz stimulation in 0 MAC in each 
animal. 1.0 and 1.5 MAC sevoflurane significantly 
reduced the initial percentage of Pdi max at 50 and 
100 Hz in comparison with 0 MAC, and the curves of 
1.0 and 1.5 MAC were essentially identical. At the 
end of the 2-s period of stimulation, however, there 
was a Statistical difference between the two curves of 
1.0 and 1.5 MAC; namely, the percentage of 2-s Pdi 
max of 1.5 MAC was significantly less than that of 
1.0 MAC at 100-Hz stimulation. 

Figure 4 illustrates Edi cru and Edi cost at each 
frequency of phrenic nerve stimulation in the sevo- 
flurane group. The Edi is expressed as the percentage 
of the 0 MAC value of each stimulation frequency at 
the start of the stimulation in each animal. There 
were no marked differences in Edi cost among the 
three levels of anesthesia at stimulation frequencies 
of 0.5, 10, 20, and 50 Hz. At 100-Hz stimulation, 
initial and 2-s Edi cost during 1.5 MAC sevoflurane 
exposure decreased significantly compared with the 
Edi cost observed during 0 and 1.0 MAC. By contrast, 
there was a significant difference in Edi cru between 
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Figure 2. A representative record of the transdiaphragmatic pressure and the electrical activity of the crural and costal parts of the 
diaphragm at 0, 1.0, and 1.5 MAC sevoflurane exposure during 10 Hz (upper left), 20 Hz (lower left), 50 Hz (upper right), and 100 Hz (lower 


right) supramaximal stimulation of the phrenic nerves. 


Table 2. Transdiaphragmatic Pressure at the Start of the Stimulation During 0, 1, and 1.5 MAC Sevoflurane Anesthesia 


at Various Stimulation Frequencies of the Phrenic Nerve 


Pdi at the start of the stimulation (cm H,O) 


0.5 Hz 10 Hz 
0 MAC 8.8 + 1.0 10.1 + 0.8 
1.0 MAC 8.8 + 1.1 10.2 £ 1:2 
1.5 MAC 8.3 + 0.7 10.7 + 0.9 


Pdi, transdiaphragmatic pressure. 
Values are mean + SEM. 
“p < 0.05 vs 0 MAC. 


anesthetic depths at 50 and 100 Hz. Both initial and 
2-s Edi cru values at 50 and 100 Hz during 1.0 and 
1.5 MAC anesthesia exposure were significantly less 
than those obtained during 0 MAC. Furthermore, at 
100-Hz stimulation, the 2-s Edi cru of 1.5 MAC was 
significantly less than that of 1.0 MAC. To quantify 
the relationship between Pdi and Edi (Edi cru and Edi 
cost) at 50- and 100-Hz stimulation in the sevoflurane 
group, Pdi was also expressed as the percentage of 
the 0 MAC value of each stimulation frequency at the 
start of the stimulation in a similar fashion to Edi. 
Figure 5 depicts the Pdi-Edi relationship at 50- and 
100-Hz stimulation, respectively. As shown in Figure 


20 Hz 50 Hz 100 Hz 
28.1 + 2.8 54.0 + 3.4 56.0 + 4.0 
28.4 + 2.9 47.1 + 3.3" 49.1+3.7 
28.3 + 2.4 46.0 + 3.04 48.1 + 4.0° 


5, the correlation of Pdi and Edi cru was more tight 
compared to that of Pdi and Edi cost at both frequen- 
cies. 

In the time control group, initial and 2-s Pdi values 
were unchanged for a period of 1 h and were reduced 
by approximately 2% at 2 h after the surgical prepa- 
ration. The Edi was found to be reduced at most by 
5% after a 2-h maintenance period. 


Discussion 


The main findings of this study were as follows. 
(a) Sevoflurane decreased the generation of Pdi at 
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Table 3. Transdiaphragmatic Pressure at the End of 2-Second Period During 0, 1, and 1.5 MAC Sevoflurane Anesthesia 
at the Tetanic Stimulation of the Phrenic Nerves 


Pdi at the end of the 2-s period (cm H,O) 





10 Hz 20 Hz 50 H2 100 Hz 
0 MAC 8.9 + 0.7 34.3 + 2.9 53.2 + 3.7 54.0 + 3.9 
1.0 MAC 11:0 + 1.2 36.0 + 3.6 46,7 + 3.2 46.2 23.3 
1.5 MAC 10.7 + 0.9 35.2 + 2.2 45.3 + 2.9 38.5 + 3.4%" 





Pdi, transdiaphragmatic pressure. 
Values are mean + SEM. 

“P < 0.05 vs 0 MAC. 

"p < 0.01 vs 0 MAC. 

“P < 0.05 vs 1.0 MAC. 


At the start of the stimulation At the end of 2S period 
100 al 100 Í eal, 


fo a 





0 50 100 

Frequency (Hz) Frequency (Hz) 
Figure 3. Transdiaphragmatic pressure (Pdi)-frequency response curves at 0, 1.0, and 1.5 MAC sevoflurane anesthesia (n = 6 dogs). 
The Pdi measurements are made at the start (left) and at the end (right) of the 2-s period of stimulation and are expressed as the per- 


centage of maximum Pdi obtained in each animal. Each point represents the average data and the bars indicate 1 sem. # , P < 0.05 vs 
OMAC. xx, P< 0.01 vs 0 MAC. t, P < 0.05 vs 1 MAC. 


high-frequency phrenic nerve stimulation; at 100-Hz produced a progressive decrease in force generation 
stimulation, initial Pdi during 1.0 and 1.5 MAC and a marked circulatory depression. Although 
sevoflurane exposure decreased compared with the sevoflurane may not be representative of all inhaled 
0 MAC value (reduction of tetanic transmission), and anesthetics, it is suitable for comparing the different 
2-s Pdi during 1.5 MAC sevoflurane exposure also responses to inhaled anesthetics of the crural and 
decreased compared with the 1.0 MAC value because costal parts of the diaphragm as it has an intermedi- 
of the fade phenomenon (reduction of tetanic tension ate effect between halothane and enflurane on dia- 
ratio). (b) At high-frequency stimulation, Edi cru was phragmatic function. 


reduced in a similar fashion to the change in Pdi, One reason for using this animal model was that 
whereas there was no remarkable change in Edi cost. the open thorax could eliminate the influence of lung 
Thus there may be a different sensitivity to sevoflu- volume changes that affect Pdi generation. Further- 


rane between the crural and costal parts of the more, the cast placed around the lower one-third of 
diaphragm. (c) The depressant effect of sevoflurane the rib cage and the abdomen prevented deformation 
on diaphragmatic contractility may be caused by the of the thoracoabdominal structures. The cast also 
impairment of contraction of the crural part of the ensured a constant abdominal displacement during 


diaphragm, because correlation between the reduc- stimulation, which minimized the influence of ab- 
tion of Pdi and Edi cru was more tight compared to dominal compliance changes on Pdi. With the appli- 
that of Pdi and Edi cost. cation of the cast, the diaphragmatic length, which is 

In our previous study, we compared the effect of | reduced 15% as a result of thoracotomy, was largely 
three kinds of inhaled anesthetics (4,5) on diaphrag- regained (10). In this connection, it has been shown 


matic function. Whereas halothane failed to alter the that in the dog with a cast in place, shortening of 
function of the diaphragm, enflurane simultaneously diaphragmatic length was <10% at any frequency of 
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Figure 4. Changes in the integrated electrical activity of the crural 
and costal parts of the diaphragm (% Edi cru, % Edi cost) during 0, 
1.0, and 1.5 MAC sevoflurane exposure a e nerve simula- 
tion at 0.5, 10, 20, 50, and 100 Hz.’ The Edi is expressed as the 
percentage of the 0 MAC value of each stimulation frequency at the 
start of the stimulation in each animal. Values are mean + SEM. 

bars, values at start of stimulation; hatched bars, values at end 
of 2-s period. *P < 0.05 vs 0 MAC. **P < 0.01 vs 0 MAC. tP < 0.05 
vs 1.0 MAC. 


stimulation and thus did not affect the tension pro- 
duced for a given stimulation (11). Another reason for 
using this animal model was that the open thorax 
made it easier to stimulate each phrenic nerve (the 
fifth, sixth, and seventh cervical roots [C5, C6, and 
C7]) simultaneously. It is difficult to isolate and 
stimulate whole phrenic nerve roots equally in the 
neck. The crural and costal parts of the diaphragm are 
innervated by different nerve roots (6,7,12); the crural 
part is essentially innervated by nerve fibers originat- 
ing from the lower spinal segments making up the 
phrenic nerves, and the costal part is essentially 
innervated by the upper segments. By stimulating 
only C5 and C6 of each phrenic nerve, not only may 
some diaphragmatic distortion be induced, with the 
costal part being shortened and the crural part mainly 
innervated by C7 being lengthened, but also the 
electromyographic activity of the crural part cannot 
be assessed precisely. 

In this study, Ppl was unchanged during phrenic 
nerve stimulation. Therefore, Pdi was equal to the 
change in Pab, which was measured directly under 
the costal part of the diaphragm in the abdominal 
cavity. There are marked static inhomogeneities in 
the abdominal pressure swing (13). In this connec- 
tion, Kikuchi et al. (14) reported that the pressure 
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swing in Pab was smaller than one-half of that in Ppl. 
Moreover, the values of Pab were steadier and easier 
to measure than those of gastric pressure. Therefore, 
we do not think our method of measuring abdominal 
pressure influenced our results. 

As the dogs were basically anesthetized with pen- 
tobarbital, we actually examined the combined effects 
of sevoflurane and pentobarbital. However, it has 
been previously reported that pentobarbital, at the 
dose used in the present study, does not affect 
skeletal muscle contractility (15). Although no data 
are available regarding the effect of pentobarbital on 
diaphragmatic contractility, our time control study, 
showing the absence of significant changes in Pdi and 
Edi for each stimulus frequency, verified that the 
decreases in these variables observed during sevoflu- 
rane exposure were not the result of deterioration of 
the preparation but were related to the effect of 
sevoflurane on the diaphragmatic contractility. 

As previously reported (5), the reduction of Pdi in 
response to high-frequency stimulation during sevo- 
flurane exposure may be due to the impairment of 
neuromuscular transmission and/or membrane exci- 
tation. Further investigation of the mechanism may 
be helped by the analysis of two aspects of transmis- 
sion block: on one hand, the depression of initial Pdi 
(reduction of tetanic transmission) and on the other, 
tetanic fade (reduction of tetanic tension ratio). In this 
study, there was only the reduction of tetanic trans- 
mission during 1.0 MAC sevoflurane exposure at 
100-Hz stimulation. Fade phenomenon, as well as 
depression of initial Pdi, was seen during 1.5 MAC 
sevoflurane exposure. Perhaps both prejunctional 
and postjunctional mechanisms contributed to tetanic 
fade, but at the present time the bulk of the evidence 
seems to be more in favor of a prejunctional mecha- 
nism (16-18). Therefore, sevoflurane may initially act 
on a postjunctional site, and with increasing depth of 
anesthesia it may further impair a prejunctional 
mechanism. 

In addition, the effect of sevoflurane on the 
phrenic-diaphragm transmission has not been re- 
ported in an in vivo model. The electromyographic 
activities may be useful in elucidating this effect. As 
shown in Figure 4, Edi cru decreased significantly 
more than Edi cost at high-frequency stimulation in 
response to sevoflurane exposure. Therefore, the 
contractile function of the crural diaphragm may be 
depressed more than that of the costal diaphragm. In 
this connection, the definite correlation between the 
reduction of Pdi and Edi cru shown in Figure 5 
supports the notion that sevoflurane mainly de- 
presses the crural part and reduces the contractility of 
the diaphragm. Previous study revealed differential 
responses of the crural and costal electromyographic 
activities under various conditions, including histg- 
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Figure 5. The relationships between transdiaphragmatic pressure (Pdi) and the electrical activity of the crural and costal parts of the 
diaphragm (Edi cru and Edi cost, respectively) for phrenic nerve stimulation at 50 Hz (left) and 100 Hz (right). Open symbols, at start of 
stimulation. Closed symbols, at end of 2-s period. Circles, 0 MAC; squares, 1.0 MAC; triangles, 1.5 MAC. 


mine-induced bronchoconstriction, hypercapnia, and 
change in position from supine to upright during the 
second phase of loading (19-23). However, this is not 
the case in the present study because the central 
respiratory drive to the diaphragm was not excluded 
in these studies. The difference in electromyographic 
activity between the crural and costal parts in our 
study is consistent with the hypothesis that the 
sensitivity to sevoflurane may be different for the two 
parts of the diaphragm. This difference in the sensi- 
tivity may be caused by differences in the fiber type of 
the two parts and/or the distribution of diaphrag- 
matic blood flow (24-26). The crural part, with a 
higher proportion of slow-twitch oxidative fibers (25), 
has a specific advantage for a sphincter of the esoph- 
ageal hiatal regions (although this remains controver- 
sial [24]). Concerning the diaphragmatic blood flow, 
the ability of the diaphragm to obtain energy supplies 
to sustain contraction depends on muscle blood flow, 
and it has been reported that the diaphragm is 
autoregulated at MAPs above 70 mm Hg (26). How- 
ever, the effect of inhaled anesthetics on the autoreg- 
ulation, or the distribution of diaphragmatic blood 
flow to the crural and costal parts, has remained 
unclear. Further studies (including measurements of 
cardiac output, diaphragmatic blood flow, and the 
energy balance of the diaphragm) would be needed 
to elucidate the circulatory effect of anesthetics on 
diaphragmatic contractility. 

The results of the present study are different from 
our previous observation where there was no statis- 
tical difference in initial Pdi during 100-Hz stimula- 
tion at 1.0, 1.5, and 2 MAC (5). There are, however, 
several important differences in the preparations, 
which may account for the discrepancies in results. 


First, the present study was performed under base- 
line anesthesia with pentobarbital, whereas previous 
observations were made in the absence of pentobar- 
bital. It may be possible that the combined anesthesia 
of pentobarbital and sevoflurane could have pro- 
duced a different type of depression of the diaphrag- 
matic contraction. Second, the different experimental 
conditions, open chest versus closed chest, may have 
caused the different results. Contraction of the costal 
part, which attaches to the ribs, displaces the lower 
rib cage outward and the abdominal contents cau- 
dally to produce increases in lung volume, Pab, Pdi, 
and abdominal expansion (7). Therefore, when the 
thorax is opened, the costal part has less effect on the 
generation of Pdi as the lower rib cage is already more 
or less displaced outward. By contrast, the crural part 
has essentially no effect on the lower rib cage eleva- 
tion and thus becomes more dominant than the costal 
diaphragm in Pdi (Pab) generation when the thorax is 
opened. As a result, the selective depression of the 
crural part exerts a much greater influence on the 
generation of Pdi when the thorax is opened than it 
does when the thorax is closed. 

In conclusion, we have shown that sevoflurane 
depresses diaphragmatic contractility during high- 
frequency stimulation. This effect may be caused 
mainly by the impairment of function in the crural 
part, and its mechanism may be associated with the 
failure of neuromuscular transmission. Further stud- 
ies are needed to determine the mechanism of this 
impairment of diaphragmatic contractility. Especially 
welcome would be an in vitro study concerning the 
sensitivity of different muscle fibers to inhaled anes- 
thetics and a study on the effect of inhaled anesthetics 
on diaphragmatic blood flow. 
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Acute Pulmonary Edema After Intravenous Liquid 


Halothane in Dogs 
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Department of Anesthesiology, Miyazaki Medical College, Miyazaki, Japan 


Intravenous liquid halothane causes severe pulmo- 
nary edema when administered for suicide attempts. 
This study was carried out to elucidate the cardiopul- 
monary effects of intravenous liquid halothane in 14 
dogs. Subjects were divided into three groups: group 
1 (n = 4) was the control; group 2 (n = 5) received 
7.5 mmol intravenous liquid halothane; and group 3 


(n = 5) received pretreatment of continuous infusion 


of prostaglandin E, at a rate of 0.02 ug-kg '-min“', 


followed by 7.5 mmol intravenous liquid halothane. 
Hemodynamic values, extravascular lung water, and 
arterial blood gas tensions were measured for 
240 min. In group 2, thromboxane B,, B-glucuroni- 
dase, and lipid peroxides were measured in four of 
five dogs. In group 2, intravenous liquid halothane 
caused pulmonary edema associated with hypoxe- 


epatotoxicity after repeated exposures to 
Hitters anesthesia is well known. Other 

adverse effects of halothane are less well 
known. Severe pulmonary toxicity of halothane has 
been reported when administered by intravenous 
injection and ingestion in suicide attempts (1-6). 
Some of these reports describe a fatal outcome from 
severe pulmonary edema (2). The pathogenesis of 
halothane-induced pulmonary edema is still unclear. 
The microscopic appearance of the lungs observed in 
an experimental study in dogs revealed disruption of 
normal architecture and leukocyte infiltration, sug- 
gesting capillary damage of the pulmonary vascular 
system (7). The increased pulmonary arterial pres- 
sure and pulmonary vascular resistance (2) observed 
with halothane-induced pulmonary edema is due to 
pulmonary vascular damage and vasoconstriction (1- 
6). Arachidonic acid metabolites including thrombox- 
ane A,, a potent vasoconstrictor produced in neutro- 
phils and platelets, are markedly increased in 
experimental models of pulmonary microvascular in- 
juries (8). Therefore, pathogenetically, direct pulmo- 
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mia, pulmonary hypertension, and left ventricular 
dysfunction. In group 3, prostaglandin E,, given to 
reduce pulmonary vasoconstriction and left ventricu- 
lar preload, aggravated hypoxemia and pulmonary 
hypertension and impaired left ventricular contractil- 
ity, although end-diastolic left ventricular pressure 
was low. Thromboxane B, increased, whereas [- 
glucuronidase and lipid peroxides did not change 
after administration of intravenous halothane. We 
conclude that pulmonary edema induced by intrave- 
nous liquid halothane was due to direct pulmonary 
vascular damage, and that pulmonary vasoconstric- 
tion and increased left ventricular preload were not 
contributory causes. 

(Anesth Analg 1992;74:747-52) 


nary vascular damage with halothane and vasocon- 
striction with arachidonates seem to contribute to the 
production of pulmonary edema. In addition, acute 
cardiac dysfunction may play an important role in the 
pathogenesis, as halothane is a potent myocardial 
depressant when inhaled in high concentrations. 
Reduction of left ventricular preload and vasodilation 
of the pulmonary vascular system seem to be effective 
treatment of this illness. The aim of this study was to 
elucidate the role of the cardiopulmonary system 
after intravenous halothane and the efficacy of vaso- 
dilator treatment with prostaglandin E, (PGE,) to 
counteract vasoconstriction in dogs. 


Methods 


In conducting this study, the experimental protocol was 
approved by our Panel on Laboratory Animal Care. 
Fourteen dogs, 9-16 kg in weight, were anesthetized 
with thiamylal, 10 mg/kg IV. A continuous infusion of 
lactated Ringer’s solution was given intravenously at a 
rate of 4 mL-kg '-h '. After endotracheal intubation, 
anesthesia and muscle paralysis were maintained with 
a continuous infusion of 0.5 mg-kg '-h~' midazolam 
and 0.2 mg/kg pancuronium, with supplements at 
0.1 mg'kg *-h '. With an Fio, of 0.4 and 60% nitrogen, 
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ventilation was controlled sufficiently to keep the end- 
tidal CO, concentration between 35 and 40 mm Hg 
(monitored with a capnometer, Capnomac, Datex, Fin- 
land). A standard electrocardiogram measured heart 
rate. The femoral artery was catheterized for continu- 
ous measurement of mean arterial pressure (MAP) and 
analysis of arterial blood gases. A flow-directed ther- 
modilution pulmonary arterial catheter was inserted 
through the femoral vein to measure central venous 
pressure (CVP), mean pulmonary arterial pressure 
(MPAP), pulmonary artery occlusion pressure (PAOP), 
and cardiac output (CO). 

A micromanometer-tip pressure transducer (TCP-2, 
Nihon Kohden, Japan) was inserted into the left ven- 
tricle through the carotid artery to measure left ventric- 
ular pressure (LVP). Left ventricular pressure was used 
to measure left ventricular end-diastolic pressure 
(LVEDF) and differentiated electrically to yield maxi- 
mum dp/dt (LV dp/dt). A thermodilution impedance 
catheter (HE-2900, Elecath) was placed in the thoracic 
aorta through the femoral artery and connected to a 
lung water computer (MTV-1100, Nihon Kohden) to 
measure extravascular lung water volume (EVLW) 
(9,10). Heparin, 200 U/kg IV, was then given to prevent 
blood coagulation. The core body temperature was 
measured by a pulmonary arterial catheter-tip ther- 
mistor to maintain it between 37 and 38°C using a 
radiant warmer. 

The animals were randomly assigned to three 
groups. After the experimental preparation was com- 
pleted, the following injections were given. In group 
1 (n = 4), the dogs received 0.8 mL of saline as 
control. In group 2 (n = 5), an intravenous injection 
of liquid halothane (7.5 mmol) was given. In group 3 
(n = 5), 7.5 mmol of liquid halothane was injected 
30 min after the beginning of continuous intravenous 
infusion of PGE, 0.02 ug-kg~'-min™’. The dose of 
halothane was chosen as reflecting doses used by 
humans attempting suicide (2-6). Administration of 
15 mmc! of liquid halothane turned out to be fatal in 
a preliminary study; three of three dogs did not 
survive more than 120 min. 

Cardiac output and EVLW were simultaneously 
measured using a bolus injection of 3 mL of 0°C 3% 
NaCl solution. End-tidal halothane concentration 
was coritinuously analyzed with a capnometer (Cap- 
nomac) and measured using a thermal recorder (Om- 
niace, Sanei, Japan). Full sets of measurements were 
made serially before and at 30, 60, 120, 180, and 
240 min after intravenous liquid halothane. Pressures 
were also measured at 5, 10, and 20 min. Systemic 
(SVR) and pulmonary vascular resistances (PVR) 
were calculated from the following equations: 


PVR = (MPAP — PAOP)/CO x 79.92, 
SVR = (MAP — CVP)/CO x 79.92. 
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In four of five dogs in group 2, arterial blood samples 
were collected before and at 60, 120, 180, and 240 min 
to measure thromboxane B,, #-glucuronidase, and 
lipid peroxide concentrations. The plasma was sepa- 
rated and stored at —20°C until analysis. Thrombox- 
ane B, was measured by radioimmunoassay. Institu- 
tional normal ranges for clinical patients were applied 
for the present study and were as follows: less than 
60 pg/mL in thromboxane B,, 4.1-31.4 U/mL in 
B-glucuronidase, and 1.0-3.4 nmol/mL as malondial- 
dehyde in lipid peroxides. Prostaglandin E, was a 
generous gift from Ono Pharmaceutical Co., Ltd., 
Japan. 

Data are presented as mean + SEM. Statistical 
analyses have been made between groups and within 
individual groups. Time-related changes for each 
group were evaluated by analysis of variance for 
repeated measures, followed by Scheffé’s method. 
Newman-Keuls’ multiple comparison test was used 
to compare each respective time level between the 
groups. Statistical significance was assumed at P < 
0.05. 


Results 


One of five dogs in groups 2 and 3 had frothy edema 
fluid in the trachea by 120 min, although no dog died 
during the study. Hemolysis was noted at 60 min in 
three of four dogs in group 2. A representative 
tracing showing initial changes in systemic arterial 
pressure, LVP, LV dp/dt, and pulmonary arterial 
pressure and increase in end-tidal halothane concen- 
tration indicated the rapid approach of liquid 
halothane first to the lungs and thereafter to the left 
ventricle, as shown by depressed arterial pressure, 
LVP, and LV dp/dt (Figure 1). 

Baseline values were not different among the three 
groups. Mean arterial pressure, PAOP, and CVP did 
not statistically change within and between groups. 
Baseline values of MAP were 129 + 8, 122 + 11, and 
136 + 8 mm Hg in groups 1, 2, and 3, respectively. 
Mean pulmonary arterial pressure began to increase 
at 180 and 120 min in groups 2 and 3, respectively 
(Figure 2). Left ventricular end-diastolic pressure 
increased at 180 and 240 min in group 2 (Figure 2). LV 
dp/dt decreased in groups 2 and 3. In group 3, LV 
dp/dt remained depressed throughout the study and 
decreased transiently within 30 min in group 2 (Fig- 
ure 2). Heart rate at baseline (176 + 8, 174 + 9, and 
169 + 6 beats/min in groups 1, 2, and 3, respectively) 
was not different, and it did not change over time 
within and between groups without transient de- 
creases (147 + 5, P < 0.05 vs baseline) at 30 min in 
group 3. Pulmonary vascular resistance increased at 
240 min in group 2 and at 30 min in group 3. 
Significant differences were noted between groups 2 
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Figure 1. Representative tracing showing initial changes in hemo- 
dynamic values, end-tidal halothane, and CO, after administration 
of intravenous liquid halothane (arrow). Maximal end-tidal 
halothane concentration was 7.0%, noted during the sixth expira- 
tion. Decreases in arterial pressure, left ventricular pressure, first 
derivative of left ventricular pressure, and pulmonary arterial 


pressure began at the fifth expiration, although the initial trace of 


exhaled halothane was recorded at the fourth expiration. Arterial 
pressure recovered by 5 min, whereas left ventricular pressure, left 
ventricular dp/dt, and pulmonary arterial pressure remained de- 
pressed. 


and 3 (Figure 2). In groups 2 and 3, SVR increased 
simultaneously at 60 min (Figure 2). Simultaneous 
changes in both stroke volume (Figure 2) and CO 
began at 60 and 30 min in groups 2 and 3, respec- 
tively. There was a gradual accumulation of EVLW 
that reached statistical significance at 240 min in 
groups 2 and 3 (Figure 3). No metabolic acidosis 
developed during the study, although respiratory 
acidosis advanced by 30 min with increased arterial 
CO, tension and decreased pHa in group 3 (Figure 3). 
Arterial O, tension began to decrease at 30 min in 
groups 2 and 3 (Figure 3). 

Thromboxane B, showed time-related increases 
and the concentrations reached statistical significance 
at 240 min, whereas lipid peroxides, measured as 
malondialdehyde, and B-glucuronidase showed in- 
significant changes (Table 1). 


Discussion 


This study showed that halothane-induced pulmo- 
nary edema resulted from direct pulmonary damage, 
and that increased left ventricular preload was less 
important in the pathogenesis. We found that a small 
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dose of PGE, was not therapeutic for halothane- 
induced pulmonary edema, as vasoconstriction eval- 
uated by hemodynamic variables was not success- 
fully counteracted and hypoxemia was aggravated. 

Intoxication by halothane is rare and hepatotoxic- 
ity is well known after repeated exposures. Intrave- 
nous liquid halothane has proven fatal with some 
patients having died of respiratory insufficiency 
within a few days after self-administration (1-6). In 
an experimental study in dogs (7), autopsy revealed 
capillary congestion, alveolar distention with edema 
fluid, extravasated red cells in the alveoli, subpleural 
hemorrhage, and leukocytes in exudate at early 
stages. Systemic organ failure including cardiopul- 
monary dysfunction may follow liquid halothane 
injection (2,11), whereas no evidence of acute organ 
damage besides massive pulmonary edema has been 
reported (4). Our macroscopic findings on the lungs 
were similar to those reported for pulmonary edema 
(7). A recent report involving injection of 3 mL of 
halothane documented pulmonary edema, marked 
hypoxemia, metabolic acidosis, and increased PVR 
with low PAOP and CVP, and a fatal outcome (2). 
The solubility of halothane is low in water and blood, 
and mixing would not have sufficiently occurred until 
the liquid passed through the lung capillaries (4). The 
lungs were assumed to be the main organ as 
halothane appeared to injure the organ bearing the 
first capillary system through which the halothane 
passed. 

The pathophysiology of intravenous halothane is 
still unclear. Serial changes in hemodynamic values 
in our study resembled clinical observations in previ- 
ous reports (1-6). In our study, simultaneous records 
of decreased LV dp/dt and increased concentration of 
exhaled halothane indicated rapid approach of the 
liquid to the left ventricle, depressing cardiac func- 
tion immediately after passing through the lung. 
These findings are evidence of the direct myocardial 
damage of halothane. Halothane produced pulmo- 
nary hypertension with increased LVEDP, suggest- 
ing increased left ventricular preload. However, 
MPAP and PVR were further aggravated with admin- 
istration of PGE,, although low LVEDP indicated 
successful reduction in ventricular preload. Pulmo- 
nary edema obviously advanced with EVLW accumu- 
lation despite low LVEDP. In the pathogenesis of the 
pulmonary edema, vasoconstriction and increased 
left ventricular preload seemed to be negligible. 

Administration of vasodilators for pulmonary hy- 
pertension has yielded inconsistent results (12). Pul- 
monary vasodilator therapy is complicated by arterial 
oxygen desaturation and increases in pulmonary 
shunt flow (13,14). Prostaglandin E, is potent in 
decreasing MPAP, MAP, left ventricular preload, and 
lung lymph flow (15). In experimental studies with 
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Figure 2. Serial changes in mean pulmonary arterial pressure (MPAP), left ventricular end-diastolic pressure (LVEDP), first derivative of 
left ventricular pressure (LV dp/dt), pulmonary vascular resistance (PVR), systemic vascular resistance (SVR), and stroke volume (SV). 
Values are mean + sEM. 11, group 1; HL, group 2; -O-, group 3. +P < 0.05 vs baseline. *P < 0.05 vs group 1. **P < 0.01 vs group 1. 
#P < 0.05 vs group 2. ##P < 0.01 vs group 2. 
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Figure 3. Serial changes 
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in extravascular lung water volume (EVLW) and blood gas data; arterial CO, tension (Paco), arterial pH (pHa), 


and arterial oxygen tension (Pao,). Values are mean + sEM. B, group 1; -—-, group 2; -O-, group 3. +P < 0.05 vs baseline. *P < 0.05 


vs group 1. “P < 0.01 vs group 1. #P < 0.05 vs group 2. 


Table 1. Serial Changes in Thromboxane B,, Lipid Peroxides, and 8-Glucuronidase 


Baseline 60 Min 120 Min 180 Min 240 Min | 
Thromboxane B, (pg/mL) 301 + 43 475 + 106 759 + 144 1650 + 174 4385 + 367 
8-Glucuronidase (U/mL) 49.4 + 6.7 59.5. 7.5 71.5 + 9.1 79.0 + 9.3 88.8 + 15.7 
Lipid peroxides (nmol/mL) 2.0 + 0.2 1.9+ 0.3 2220.3 1.6 + 0.1 1.9 + 0.2 


Data are from group 2 (n = 4). Values are mean + SEM. 
“P < 0.05 vs baseline. 


sustained pulmonary hypertension (16), PGE, de- 
creased MPAP and PVR by reducing lung microvas- 
cular pressure without any change in vascular per- 
meability. It was thus anticipated as an effective 
therapeutic additive for pulmonary hypertension 
with liquid halothane (11). The dose of PGE}, which 
was selected not to decrease MAP but to reduce left 
ventricular preload and maintain microcirculation in 
the systemic organs, might be too small to counteract 
severe vasoconstriction (17). 


We believe that impaired left ventricular function 
was due to improved microcirculation with PGE}, 
which transported liquid halothane through the 
lungs to the heart to produce myocardial damage. 
Administration of PGE, does not enhance survival in 
patients with established adult respiratory distress 
syndrome (17). Administration of prostacyclin, a 
more active arachidonic acid metabolite than PGE, 
(15), failed to decrease PVR in a reported case of 
liquid halothane injection (2). Vasodilators must be 
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administered carefully so as not to aggravate pulmo- 
nary hypertension and hypoxemia. Prostaglandin E, 
was assumed not favorable as a therapeutic additive 
for the illness, as even a small dose of PGE, aggra- 
vated pulmonary hypertension and impaired ventric- 
ular function. 

Thromboxane A, is a potent pulmonary vasoactive 
drug, and prostacyclin and thromboxane A, adjust the 
baldhce in vagtular tone. Platelets are not the only 
source of thromboxane in the lungs (18). Activated 
leukocytes damage pulmonary vascular endothelial 
cells to stimulate synthesis of thromboxane A, (18), and 
increased levels of thromboxane B,, a stable degrada- 
tion product of thromboxane A), are evidence of pul- 
monary vascular endothelial damage generating pul- 
monary edema with increased vascular tone (8). 

An increased level of -glucuronidase means acti- 
vation of lysosomal enzymes and development of 
systémic organ failure (2,11). Lipid peroxidation eval- 
uated as thiobarbituric acid-reactive material indi- 
cates activation of oxygen-free radicals, which is seen 
in halothane-induced hepatotoxicity (19). As both 
changes:in lipid peroxides and B-glucuronidase were 
minimal ih this study, the pathogenesis may be 
different from halothane-induced hepatotoxicity. 
These findings were consistent with the previous 
report (4). We postulated that pulmonary vascular 
disruption was mainly due to direct chemical injtiry 
with halothane, a potent organic solvent. Further- 
more, acidosis and increased arachidonates probably 
played a role in aggravating hypoxemia and pulmo- 
nary hypertension (20). 

Intravenous liquid halothane is potentially lethal 
because no effective treatments are yet available. 
Glucocorticoids arid antiinflammatory drugs, includ- 
ing cyclooxygenase blockers and phospholipase A, 
inhibitors, may be beneficial to some extent, as they 
inhibit the pulmonary vascular actions of arachido- 


nate. 
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Please see last pages 





Superior 
exceptional 


Significantly improved speed and 
quality of recovery compared 
with thiopental/isoflurane 








Mean postanesthesia recovery times (min)! 




























Thiopental/ 
DIPRIVAN isoflurane 
Duration of anesthesia 35* 57 
Response to commands ao" 6.1 
Fully oriented Fe 9.4 
Able to tolerate fluids 61 * 130 
“Ready” for discharge 138* 206 


—adapted from Korttila et al, p A564" 


"Statistically significant (P < .05). 
Measurements taken from time of discontinuation of all maintenance anesthesia. 





Æ Majority of patients are generally 
awake, responsive, and oriented 
within 8 minutes 
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recovery and 
anesthetic control 


Significantly less nausea and vomiting 
Bier with thiopental ie 
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As part of a balanced anesthetic technique, 
DIPRIVAN is a cost-effective alternative 

to thiopental/isoflurane for induction and 
maintenance. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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> Superior 
exceptional 













Maintenance of anesthesia as 
easily controlled as with- 
=- isoflurane 


E Steady state blood concentra- 
rite. tions-ar¢ proportional to rate Of, cen 
a pers a SETIN 0) 2% Sida vee : 


- i e . A 
P r : w 3 pu ~ 
<a 





Propofol blood 
concentration (ug/mL) 






2 mg/kg 












150 ug/kg/minute 






Awakening 


100 ng/kg/minute , 
| if Responsive 


Infusion rate of propofol 





0 15 30 45 60 75 90 105 120 1 hour postoperatively 
Time (minutes) 


—adapted from Herregods et al, p 364+ 
*Significant difference (P< .05) from previous value. 
**p< .02. (Mean and SEM values are shown.) 


After a loading dose of 2mg/kg, anesthesia was satin with 150 ug/kg/min for 
30 minutes—then 100 g/kg/min for 90 minutes* 


E Total body clearance exceeds 
estimates of hepatic blood flow” 








y Nc O active metabolites produced 


EmCe 5 añ sthetic agents, clearance rate of DIPRIVAN decreases in elderly = sey! t 


recovery and 
anesthetic control 


Hemodynamic effects are controllable 
and dose-dependent 


E Blood eo (BP) predictably decreases on 
metimes > 30%) but is within 
esfor healthy individuals* 


m Hemodynamic effects during induction are 


generally more pronounced than with traditional 
IV induction agents 


After initial decreases in BP following induction, 
hemodynamics return toward baseline 


The cardiovascular effects of DIPRIVAN may be increased in patients who have received sedative or narcotic premedications.' 
DIPRIVAN is not a narcotic agent 


When used with NoO/O» for maintenance, supplementation with IV analgesic agents is generally required; muscle relaxants may also 
be required. 


Strict aseptic techniques must always be maintained while handling DIPRIVAN. DIPRIVAN is a single-use parenteral product 
and contains no antimicrobial preservatives. DIPRIVAN Injection should be prepared for use just prior to initiation of each 
individual anesthetic procedure. DIPRIVAN Injection should be drawn into sterile syringes immediately after ampules are 
opened. Administration should commence promptly and be completed within 6 hours after the ampules have been opened. 
*Elderly, debilitated, deca hypovolemic patients, and those rated ASA III/IV, may have more profound adverse 
cardiovascular respons 
‘Induction dose Nenana may be reduced. 


Please see last pages of this advertisement for brief summary of prescribing information, 
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DIPRIVAN 
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For induction and maintenance 


DIPRIVAN 


INJECTION propo fol 3 
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As part of a balanced anesthetic technique; 
DIPRIVAN is a cost-effective alternative to 
thiopental/isoflurane for induction and 
maintenance. 


E Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane 


E Significantly less nausea and vomiting than with 
thiopental/isoflurane 


m As convenient and as easily controlled as isoflurane 
for maintenance of anesthesia 


References: 1. Korttila K, Faure E, Apfelbaum J, Ekdawi M, Prunskis J, Roizen M. Recovery from propofol versus thiopental-isoflurane in 
patients undergoing outpatient anesthesia. Anesthesiology. 1988;69(3A):A564. Abstract. 2. Wetchler BV. A comparative evaluation of 
recovery following anesthesia with Diprivan® (propofol) by intravenous infusion versus Diprivan® followed by isoflurane versus 
thiopental sodium followed by isoflurane for short surgical procedures, Data on file, Stuart Pharmaceuticals, Wilmington, Delaware. 

3. Sung YF, Reiss N, Tillette T. The differential cost of anesthesia and recovery with propofol-nitrous oxide anesthesia versus thiopental- 
isoflurane-nitrous oxide. Anesth Analg. 1990;70:5396. Abstract. 4. Herregods L, Rolly G, Versichelen L, Rosseel MT. Propofol combined 
with nitrous oxide-oxygen for induction and maintenance of anaesthesia. Anaesthesia. 1987;42:360-365. 5. Cockshott ID. Propofol 
(‘Diprivan’) pharmacokinetics and metabolism: an overview. Postgrad Med J. 1985;61(supp! 3):45-50. 
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Please see last pages of this advertisement for brief summary of prescribing information. 
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DIPRIVAN 


INJECTION D rO D 0 fol 


10 mg/mL 

EMULSTON FOR fY ADMINISTRATION 

(For full preseriblng halormetion, sse package insert A Briel Seren sry foltcws} 

CLINICAL PHARMACOL OGY— !netvidnaliueticn of Dosage: Ganera! PREA injection is a potent sedatives Hyonotic apert which 
proves citzicelly useful anesthetic and sedative actions depending upon the dose and technique of sdrriniatraion. important factors 
classificalion ard level of debiiftaiton 


hypnotic zpeats, the ammount of ininrvinous oplotd and/or benzodiazepine premedication 

to an indection dosa of DIPRIVAN Injection. It is important to be familiar with and expasienced with the Intreanons use of DIPRIVAM 
Injection before treating elderly, caebiittaked and ASA Ill or TY patients. Oe to the reduced clearance and highar blood leais, most 
sideri paltents require anpecedmnataty 1.0 to 1.5 moig (apormdenetety 20 mg every 1) seconds) of DIPRIMAN Infection for Induction 
Gf anasthests accoriing to thet concifion end responses. A repki bolos shouki not be osed as this wi Increases the ikafhood of uncissicsbis 


injections. When adiiniztering OP ARVAN infection by infusion, itis recommmanced thal syringe pumpa ar volumetric pumps be usad 
to provide controlled infusion rates. Ceathiaees tateeien: DNPRIWAN Infection “00 to 200 .oAagymin ac ministered La a variatte rate 
Intusion with 094-70% nllsous cide and cogan provides anesthesia fox paitants undergoing general surgery. Maintenance by infusion 
of DLPFUIWAN injection should Linmediately follow the Induction dase in order to provide satietactory or continuats anesthesia during 
the lodection phase. Durieg tbis initiz! pasiod following the induction dase higher raizs of infusion ars generally required (150 to 


Infusion rakes shoed ateeys be tttrated dowrevend in the absence of clinical signs of ight anesthesia uobi a mitt response to surgical 
Stlmutatpon fs obtxtred in order to avoid acimisistration of OfPRIVAN Injection at rates higher than are clinically necessary. Generaly, 
rates of 50 to 900 yg /p/min should be achieved during maintenance in oaio io octinis recovery tines. intermittent Boles: Increments 
of DIPAIVAN injection 25 mg (2.5 mL) to 50 my (6.0 mi.) may be adenitistered with nitrous adde in patients endargoing genera 
surpary. The incremental boluses should be ac misistered when changes ia vital sigas Indicate a response to suspical sti mutation 
or Bght anesthesia. CXPRIWAN injection has been used with a wiaty of agents commoaly usad in ansethesta sock zs xsopine, scopolamine, 
gycopyrolate, danoam., depoteryieg and muscle relaxants, 2>¢ onlokd anaigesics, £3 ved as with Whalationa! and 
regional smesthefic agents. is the elderly, rapid bolus doses shoidd aot be used as this wi] increase cardlorespiratory effects inching 
arany 


rates of DUPRIVAA injection adeninistraiion ydi be aporadmetely 26% of thoss usad for maintonencs of genera) seesthecia. During 
Inttiaion of MAC sedation, slow infusion or sio Injection techniques are profeceble over akd bolus administration. Dulag mainterence 
of MAC sedation, a variable atte infusion is prederable over kiermitient bolus doss adminisiraiion. Ln the elderly, debilitated and 
ASA IU or TV patients, rapid (single or repeated} bolos dose administralion shod d not be need for MAC sedaiion. (See WAANINGS } 
A rapid botse injection cen result in undesirable cardiorespiratery depression inciudiag hypotension, apnea, airway chetrectioa 
ancien corppen cesatenetion. taltiation of MAC Sedation: For initiation of sedation, either an infusion or a siow injection method 
may be oiflized white closely mortoring casdiorsspiratory function. Wih the krfston method, sedetian may be Initiated by intuelng 
CHP RAVAN injection at 100 to 150 uoin (8 to 8 ang koh) for e period of 3 to & minutes and titrating to the desired fave! of sedgtion 
witle closaly moston respiratory function. Wath the slow injection method for faGelion, pallents will require approximetnly QE myig 
adcieisteved over 3 405 minutes aad Strated to clinical responses. Yihon DUPRIVA S injection bs administered aiowdy over 3 to 5 rtnudes, 
most patients wi be adequately sodated amd the peak drug affect can be achleved while minimizing uncesinable 

effects occurring at high piama kwake. in the aiderty, debittetad, aod AGA Ail or TV oaftents, rapid (single or peaked) bolus doze 
administration shoukd not be used for MAC sedation. See WARNINGS.) The rate of atlunisiration should be over 3-5 minutes and 


of sedation, a vartebie rate idusion method Is preierable ova art imenmittent bolus dose method. With the varteble rate Infusion rasthod, 
patents will cemarally agiz maingerenice rates of 25 80 76 pgamin (1.5 to 4.5 ngoi curing the first 10 to 16 mintes of sedation 
maintenance. lafoston rates should subeequentty be decreasad over tine to 25 to 60 j.9/eo'min and adjusted to cllaical reaponecs. 
in flexing to clinical affect, allow aporodmataty 2 mioutes for oneat of paak drug effect. Infusion rates should always be (insted Goward 
in the absence of cinica! signs of Sight sadading aofi miki responses to stimutelion ars obtained In arder to eoid seda Ses acertoistraiion 


of peclongation 
ible all ON EETA N DEEE OR EEDS a aE a e Ee E de 
uped for MAD sadetion. (Sos WARMINGS.} Tha rate af ad the cosage of DIPRIVAN injection shooid be reduced io 
rice fete dpc apa ahaa ab eaponses, sxi changes in vila signa. (See 
AND ADMINISTRATION.) OVFARVAN Injeciiod can be adrministerad 2s the sole apent for maintenance of MAC sedation during 


infection is not 
bo be excreted In hargan mik and the effects of oral ebsorpdion of small amounts of propofol ave not known, (See PRECAUTIONS.) DPRNAN 
Injectoa bs not recommenced for ese in pediatric patiente because salety and otfectlveoces have not bosn established. (See 
PRECAUTIONS.) CONTRAINDICATIONS: Whee gener! anesthesie or sedation is contraindicated or le patents with a noes 
genera! 


totais, DP 


consequences whith conid isad io Me-Swestening Mases. PAECAUTIONS: Games: A josey induction doce and a siower maindenaice 
rats of adeninésinadion shouid be used in eldedy, cdabiiiatad and ASA If or IY patents. (ee CLINICAL PHARMACOLOGY — indhviduslagon 
Of Dosage.) Patients shooid be continuously monitored for carly signa cl significant hypotension andéor bradycardie. Treatment may 
include incrsasing the sabe of Intrevenons fickd, olevalfon of jower extremities, use of pressor agents, or sdiministrafion of siropine. 
Apnea often occurs dering induction and may part for more than 60 seconde. Yeafiatory support may be required. Becauss DIPRIVAN 
lle eg caller ego ny ep lace aplasia 
Clebetic hyperfipamia, and pancreatitis. The chakal criteria for discharge trom the recoveryiiay surgery area established for cach 
insBantion: shouid be satisfied bakre clachaps Woe 
ioan epdepiic patient, thers may be a sts of camiso during the recovery 
infection, which may be reduced ty prior lajecton of FY lidocaine (1.0 mL of a 19% solution). Venous sequelas (phiebilis or thrombosis) 
have been reported nerety (< 196). In to well-contoled clinica! studies using ded cated Intrevenous catheters, no instaoces af venous 
ee ea ee ee E a 
tases are used. AcckJeris! clinical extravesation aad injendioms! injeciios into subcutansous or perbrescuia- fssues of snimads caused 


DIPRIVAN® (prepolni) Injeotien 


minknad tissue reaction. intra-arterial injection in animais did not indoce local tissue affects. Accidental intra-artatal jection has 


Mutagenesis, impebmaat af Ferillity: Animal carcinogenicity studies have not been performed with propofol, in vitro and in vo 
anima) tests feed to show any potential for mutagenicity by propofol Tests for mutagenicity included the Ames (using Saknonela sp) 
mutation test, cane mutationéyane comversicn using Sacchworpces in vitro cytogenatic studies lo Chinese arnsters 
aad a mouse micronucieus test. Suctes In formede rats at tplawenous doses up to 15 movkdey ($ tenes ihe medium commended 
human induction doss) for 2 weaks before pregnancy to dey 7 of gestation did not show waopaired 


to cause materasi deaths in rats aod sxtibits and decreased pup survival durtag the lactating parod in dams treated with 16 mgrgtisy 
{or 8 times tha recommended homes induction dose). The phannacniogica acttity (anesthesia) of the drug on the mother Is 
probably responelble for the acverss eflects saan io the offspring. Thams are, however, no adequate and wall-controded stirdhes 
In pre great women. Because animal reproduction studies ane not akaya predictive of humen responses, this drug shouid be wsad 
mbt ih Acar ei rt ha pe lag tt sires te 

cesareen section dedvaries, because there are insufficient data to support its eafety to the fetus. Sorsing Mathers: DIPRIWAN 
Infection bs not recommenced for ase in nursing mothers because DLPRIVAN hes been reported to be excreted ka human milk and 
the effects of oral ebsorption of smal amounts of propala are not known. Pe dletris Uss: DIPASVAN Injection Is not racorruaacdead 
for asa in pediatric patients because safsty and effectiveness heve not boen established. AUVERSE REACTIONS: Advarse event 
iiormation is derived from contoded cfinical trials and workdwit's markaling experience. in the description below, rates of the 
more conson erants nesant US/Taunadinn clntcal study results. Less frequent events are derhved principally trom marking 
experiance in aporodtmatety 7 mikor patients and from pabiications; thare are Insufficlent dete to support an acourete estimate 
od hai incidenca rates. The adverse exparience profile from reports cf 150 palients in the USACanasian MAC sadation clinical triats 
is similar to the profs established with DIPRIVAN injection during anesthesia (soe below). During MAC sedation clinical tials, 
sipnifcant respiratory events Incledsc cough, upper ainaey obstruction, apaea, hypovertileticn, mxi cyspnes. The most common 
ara ert ict occur bn maa fun 9h! pets ica DURDAN peta a WAC atic pa 
nauses, headachs, and injection ste pain or hotness. The following estates 
ee eee 

variety of premedicants, varying ler gtis of surgical procedures and various other anesthetic agents. Most adverse events were 
Fall al rA Tha otra cscs Goria stint pei Coed an OPA Wc Th ceca 
within each body system in order of decreasing frequency. incktoace Grester tien 196- All events ragard!aes of causality, derived 


Pain, Chest Pain, Neck Stltiness, kurk Pain. Cerdlovascotar: Tachycardia, Pramature Artal 
pe, Aboorma!l ECG, ST Segment Depression. Cemtral Merveus Syste: Shivering, 
Tremor, Abnormal Dreams, Agitation, Confusion, Delran, Euphovia, Fatigue, Moaning, Figi. 
Digestive: Hypersalvation, Dry Mouth, Swallowing. |e athens Site: Discamdart, Phinbille, Hives/tichlag 
Musou Mysigia. Reepiratery: Barnag 


, Capression, : È Opisthotonus. Digestive: Dlarrinsa. 
Laryngospasm. Skin and Appeatiages: Dlaphorpsis, Prusttus, Coqheoctvel }Aperansa. Scecie] Senses: Ear Pain, Aysiagics. 
DOSAGE AND ADMINISTRATION: Dosage and rate of adeninictraiion should be Individualized aad titrated to the desired affect 
according to clinically revan factors Inchudiag preinduction aad concomftant medications, age, ASA phywical cluseificadion and 
lave! of da bilitation of the patient. Thea following ls shererieted desage and edminisiratien infurmadion which Ie omy intended 
ae 3 ganeri guide in tee see af DIPATWAN icjeelion. Prior to adenimiatering OURAN InJeeficn, Hf le inpacattes teat iha pirpeietan 
fevizw acd be eempiatety famitar with fhe spesifie desage sad sdministafien laformation detailed w the CLINICAL 
PHARMACOLOGY — in chddealization of Desage rockon. Ln the skderty, datitinies aad ASA Al or IY patiente, rapid bolas deras 
theuld not be ceed ia the metieds of acenlaletration deccribed below (See WARNINGS.) 


laduction af should be indhidualteed and 
Anesth esta rade AS ONT 20 oy 2 cil aeran 40 hugsears 10 a Rano 


Bd P, DabiPintad and ASA Mil or [Y Pallasta: Mos pants require 1.0 10 1.5 mg/kg (apevoninatel 
$0 seconds cod gare 
Fe cee denune ae Infviduulization of Dosage. 


Pia A Ree Le tenes rae — titraied to the desired cihical 

Anetihes!s: on 

on abled aad AMA il or N Po Aa on voto 

Malotesanes of SET as waded. 

Anesthesia: For compete Information, ses GL NICAL, PHARMAGOLOGY.~ 

irern Kiet Soles indvidukiion of 

iniiation of Dosage utd rate 

WAC Sadetian Adettts*; Siow Infusion or siow injection tochka it yapa aan bolus adininistraiion. Mest 
paaris nie an kon ct to 150 uphgrmin to 9 mokoh} or a slow injection of 0.5 mg/kg 
Eidariy, Deblitated aod AEA il oz IY Patients: Most nis requiro dosag es umie, to adults, but 
DUR be given as a gow infusion or stow Lnjacthon and not 3 a rapid botus. (Sse WARNINGS.) 

Malotsnenca of Pah pel la ley SS TO br newb 

MAL Sedatios Acis": A variable rete 


a ekrim eh] a kermiitet bous Most 
ran cn 2510S pg P TAE e pe egetar eire tp ey 
Onan A ish enie py Most patients require a 20% redaction of the adult dosa, 
eee GICAL PHARMACOLOGY a of Danga 7 Far complets dosage 
of Dosage. 
"Adut -~ E A TT 


AAN BO TO Wane ritari Cna OEDS etn hides pl dnote edad trope e 
sderictsi ration wheneves sokrtfon aad contin injection f sdministered through a microbiologica! 
Dar because scour etic he tw OTN a cause the breacions of Pa ee on ae ae AEE 


be maintalmed bandileg ae 
A reservetiven: Tuvan b capable of supperting 


LEE 


be pra Habre trairai eelde ampie neck or 
‘vial rubber should be P [itt Kooropy! atcohol. DIP AIAN should be dræn hetn starile 
Iimmedlatty arputes Or VLS are When withcoewing DLPRIVAN In from a Sterile vont spike be 
atad. Ths should be labeled with Kale DOA Pa a ia ae Empe or vit) was o 

thous be pra pared for singhi only. Any unused ; ia r in S r, 

pra use 

Roser solvate conmsan ai the and of the anesthetic procedura or at 8 
whichever occurs sooner Tho FY fine should be flushed every 6 hours and et the end cf the c procedure to remove 
DIPRNAN Injection. Rav Y 12/01 
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HEMODYNAMICS 


HISTAMINE 


RECOVERY 


To 25% of control 
To 95% of control 


DON INE 
FLEXIBILITY 


STORAGE & 
SHELF LIFE 


USCULAR BLO 


Norcuron ` 
(vecuronium bromide) for injection 


No significant variations in 
blood pressure, cardiac output, 
or systemic vascular resistance. 


Available clinical experience 
indicates that reactions 
commonly associated with 
histamine release are unlikely 
to occur.'* 


25-40 min’ 
45-65 min’ 


The initial recommended dose 
is 0.08-0.1 mg/kg. 

Dose can be increased 

up to 0.28 mg/kg for long 
cases without significant 
histamine release or related 
cardiovascular side effects.'** 


2-year shelf life in lyophilized 
form at room temperature.t 
Can be reconstituted with 
various IV solutions including 
Lactated Ringers+ 


* Dose of atracurium above 0.5 mg/kg is not recommended. 
t As originally supplied by the respective manufacturers. 
+ Storage after reconstitution varies with solution. See package insert. 


Lia ELECTING 2 


ING AGENT 


Atracurium besylate 


Statistically significant variations 
in blood pressure, cardiac 
output, and systemic vascular 
resistance.’ (P<.05) 


Precautions advised for patients 
in whom substantial histamine 
release would be hazardous (eg, 
clinically significant cardiovas- 
cular disease, asthma). ° 


35-45 min’ 
60-70 min’ 


Initial recommended dose is 
0.4-0.5 mg/kg. 

A moderate histamine release 
and significant falls in blood 
pressure have been seen 
following a dose of 0.5 mg/kg 
(P<.05) and 0.6 mg/kg. **° 


2-year shelf life under constant 
refrigeration.t 


Upon removal from refrigeration 
to room temperature storage, 
use within 14 days even if 
rerefrigerated.° 
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THE LOGICAL CHOICE FOR NEUROMUSCULAR BLOCKADE 
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See following page for brief summary of prescribing information. ee keer ner 








Norcuron 
(vecuronium bromide) for injection 


Hetere proscribing, please comselt completo product Infermatlon, a summary of which follows: 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 
ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 


EOE RE AINS Dnr boone known to have a tp 
WARNINGS: NORCL RONO SHOULD BE ADMINS TERED N CAREFULLY ADJ DOSAGE BY OR UNDER THE SUPERVI- 
SION OF EXPERIENCED CLINIGIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT 
BEMIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, 
“ARTIAICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
BE PREPARED TO T OR CONTROL RESPIRATION. Sear ae Gee oes tote 
COMPLICATIONS THAT OGCUR FOLLOWING LONG- 


syndrome, small doses of Norcuron® may have sels nar lr pae a paripa: nene and use of a 
MO eee of musde 


Miler Habe Norcoron® ts well tolerated without clinical dei Sgr eiela a abet 
Jatients with renal falli re whe have been Her l 


Santis ELIA AOA N OE Tey a; ae a anephiic paients cannot 


posal DNAT 
electhe s a lower Initial dose of Norcuron® should be 
wAltsred lation Tine: Condifions associated with a riene Ws cation teak epa ria 
states resulting in increased volume of distribuon may contribut to a delay in onset time, theretare dosags nat be 


éocreased, 
Hepatic Disease: sb asl wilh cithosis or cholestasis has nveatad prolonged recovery time in keep- 
‘hg with ths rote the fiver ptays in melabotismn and excretion. Dela currently available do not permit dosage 
‘ecommendations in O ekaediedla eat 


develop symptoms consistent 

io the amani laa piip b 

remaining rare cases recovery may be 
fahabuitation. Therefor, when there is a nead for 

o a Ul ae lar E, edna 


CONTEMPLATED IN THe ICU, IT IS RECOMMENDED THAT NEUROMUSCULAR 

SUSLY DURING ADMINISTRATION AND RECOVERY WITH THE HELP OF A NERVE STIMULATOR. ADDITIONAL DOSES OF 
VORCURON® OR ANY OTHER NEUROMUSCULAR BLOCKING AGENT SHOULD NOT BE GIVEN BEFORE THERE IS A DEFINITE 
GIL S E EEOSE BELTER, FUSION ADMINISTRATION SHOULD BE DIS- 


SONTINUED U 

Revere Ob Neuromuscular Disease: Patients wih obesity or neuromuscular disease and/or 
erences ae ine aa fara rea aan Mca 

atal hypermetabolism af Dee ane aia ct me eis cao from screening 


yell ly ol se gold a rd a na ror I 
Ar $.: Parn eee ee ere car cate op 


uate anesthesia or sedation. 
£: Pior attministration of succinylcholine mey enhance the neuromuscufar blocking effect of Norcuron® 

Seas us) wet and Es anf est fs is used balore Norcuran®, the administration of 
Yorcuron® shou be raye mii ne effect shows Tis gl wearing OE Ah reeled eel ped 
Sat Ma RA my a Hotaru may bance b produce complete neuromuscular block with 
al duration of action of 25-30 minutes. The use of Norcuron® belare hal hd hme bpd 
fects of succinyichollr 6, has not been suvficiently studied. 
Other nondenoterizing neuromuscular blocking agents (pancuronium, d- 


lont deta to support concomitant use a Nararo en oe cpt rise cans as set 
ohalattonal Aesthetics: Use of volathe Inhatational anesthetics such as aniiurans, Isoffurane, and halothane wiih 
sorcuron® wil anhance mast 


with use of entlurans and isoflurane. With the 
aboye agents the initial Jose of Norcuron® may be the same as with anesthesia untass the inhalalional anesthetic has 
wean administered for asutfictent time at a 


musi be accom- 


a 
*}ther: concaming of duri icover bom Ls ol otii misda ana SEa eain 
“aratris joe Ths posi ms ba Conair for Norcuran®. Norcuron® Induced neuromuscular blockade has 
een counteracted Oa cl Electrotyle imbalance and diseases 


pay pee 
m gaa Magnesium salts, adrrunkstased 


fhe management of xenia nancy, may enhances the neuromuscular blockade. 
pirugfaboratory raten narocna: Nees None inown. 
careopnen Mucagenasis, pine Fertility: Long-term studtes in animats hava not besn performed to 
uate carcinogenic or of impairment of 
see C: Animal reproduction studies have not been conducted with Norcuron®. H is aiso not 
an casa kial Farm erased wy peg wanan can le oped capacity. 
Borcuron® ony if needed. 


7 weeks, also lasted under haloisane anesthesia, are moderately 
than adults and take about 1/2 times as lang to resovey. Injormation presemtty 
vallable does not recommen lor usage In neonates. 


DVERSE ONS: The most frequent adverse seaction to blocking aganks as a class consists of an 

dension of the drug's action beyond ihe tine partod neaded. This may vary from skeletal muscle weakness to 
and skeletal paralysis esuking in insuffictency or apnea. 

inadequate reversal œ the neuromuscutar 5 with Norcuron® 2s with ali curarflorm drugs. These adverse 

CHO are fA Lore slat rent lly Mea adequale. Lite or no increase in intensity 

‘ blockade of of action with Norcuron® fs noted from the usa narcotic analgesics, nibous oxide, of 


soperidol. See OVERDOSAGE for discussion of other drugs used In anesthetic practice which also cause respiratory 


SESSION, 
Prolonged fo profound extensions of and/or muscle weakness as well as muselo atrophy have been reported after 
hila cala Wi rates 0 NyperanstNiy 


pas aya at 

esi bd jacon, neostigm éedrophonium, | netion with 

Peo er lta este want ct a Nc caer 
Tach oe abyss an o peripheral nerve simulator may aiso be used to m 


occur in the presence of extreme debliitsfion, 
si 3 nas ay cons ets exe galanton, cana neam- 


aaa j e a (1.4 10 1.75 times the EDg,) 
good or ba fa Mabaea oman ee 


after Injection. Under anesthesia, clinscally required neurovascular apres approximately 25-30 mir 
recowery ip 25% of conti 25 des afer ec a rene Of at ac 


administration of succinyicholine may enhance the 
performed Succiryicholna, a reduction of initial dose of Narotrocr® b 0.04-0.06 mg/kg with kn 

anesthesia and 0.05-0.06 with balanced anesthesia may be required. 
manieran doses of 0.010 Io 0.015 mg/kg of Noccuron® are recommende 
wil be required whin 25 io 40 minutes. However, cl 


fon doses staples 
= peg a T a pret em ae intial doses from 0.15 mpå 
$ under halothane anesthesla without ll effects to tha carkovascut 


aed 70-40 min kaer. Insion of Novcurorr® should be iftated 
from foe i il TA n wap atin ls ei Ue ORT eal tae 
sanay D See re TO nce 

The infusion of Norcuron® shoul e TO lbp al gilt TE O Uden elite der 
SNE DETA S lel deed allel CE m Ear 
with the rate of the infusion adjusted fiarsafier to malntaln a 90% suppession of bitch response. Hind 
range from 0.8 to 1.2 p.o/egAnain. 

enflurane and Isoflurane may enhance the neuromuscular action of no 


anesthetics, parlicutarty 
musce rebccants. in the presence of concentalions of enflurans or isoflurane, R may be nec 
ucs tha rate of Infusion 25-60 percent, 45-60 min after the intubating dose. Under halothane anesthesia ii may no 


E o Para ee 
sect E E tne mre O SEE A a 
eospected lo proceed at rates comparable io thal iofiawing a us dose. 
infuston solutions af Norcuran® can be by mbding Norcuor® with an appropriate infusion solution such 
gee a 0.9% NaCl, 5% glucose In saline, or Lactsted Ringers. Unused parions of Infusion solutions shoul 


Infusion rates of Norcuran® can be individualized for each paieni using the following table: 


Drug Delivery Rate G.9/kg/min) infusion Delivery Rais aidin 
0.1 mym" 0.2 mg/mLt 
0.7 0.007 0.0035 
0.8 0.008 0.0040 
0.9 0.009 0.0045 
1.0 0.010 0.0050 
11 0.011 0.0055 
1.2 0.012 0.0060 
1.3 0.013 6.0065 
*t0 mg of Norcuron® in 400 mi. solution 120 mg of Norcuron® in 100 mL sotutton 


The folowing table is a guideline for mL/min delivery for a solton of 0.1 mg/mL (10 mg in 100 mi) with an infusion : 
NORCURON® INFUSION RATE ~ mL/MIN 





Amount of Drug Patient Weight — ko 
40 0 60 70 80 90 
0.7 0.28 0.35 0.42 0.49 0.56 0.63 
0.8 22 14 0.48 0.56 0.64 0.72 
0.9 0.36 0.45 0.54 0.63 0,72 0.81 
1.0 0.40 0.50 0.60 0.70 0.60 0.) 
5 0.44 0.55 0.6 0.77 0.88 0.99 
1.2 0.48 0.60 0.72 0.84 0.96 1.08 
13 0.52 0.65 0.78 0.91 1.04 1.47 


NOTE: tf a concenization oi 0.2 mp/m ts used (20 mg in 100 mi), the rale shouid be decreased by one-half, 
Dosage in Children: Older children (10 to 17 years of age) have approximately the same dosage Pay ie 


adufts and may be managed the same way. cairia (1 io 10 yoars ol age) may requis a 
may atso requive sunplemenialion siighily mare than adults. infants under one year of age bul of A do ae 
more 


inbormation nod permi 
neonates (see PRECAUTIONS) There are insufficient dala concerning condinuous infusion of vecuronium in children, 


no recommendadion can be made, 
COMPA : Norcuron® is compatible in solution witte 
0.5% NaCl scution Steris water for injection Laciated Ringers 


5% Glucose in saline 

Use within 24 hours af mixing with the above solutions. 

Parenteral drug products shouid be Inspected visually for particulate matier and discoloration prior io adeninistralk 
pel all all 


10 mL vials (10 mg vecuronium bromide yard TO Ti vals of dient (bacieriostati wat fr injection, USP} 


Boxes of 10 OND DSO? 
10 mi. vials (10 mg vecuronium bromide) NOT SUPPLIED. Boxes of 10 NDC No. 0052-044 


- DALUENT 
20 mi. vials (20 mg vecuronium bromide) only; DILUENT NOT SUPPLIED. Boxes cf 10 NDC No. 0052-044 
STORAGE 45°-20°C cm 36} Protect from light. 

e When reconsthed wih supple bacerostale water or injection: CONTAINS BENZYL ALCOHOL, WHICH IS NO 
INTENDED FOR USE IN NEWBORNS. Use within 5 days. May be stored at 


room temperature o refrigerated, 
e a A E soluffons: Refrigerate vial. Use within 24 
angle uze orty, Discard unused 


ey na aan aad eee La: REVE 
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1. Gallo JA, Cork RC, Puchi P. Compartson af effects of atracurium and vecuronium in cardiac surgical patients. Am 

1988-67:161-165. 2. Basta SJ, Soverese JJ, AN HH, at al Vecuronium does not aller serum histamine within the cl! 

ad sey ag Leta: 73. 3. Nercuron® (vecuronium bromide} for injection eet 4. Kaur 
Is MY, Chen JC, Lea D affects of vacuwonium: A dose Cin Anesth 


response f 
99% 1(6):434-439.5. Tracrium" injection (atracurium besyiata) package Insert. 6. ‘Scott RPF, Savarese JU, Basta € 
Neat Chi en ee ee a 


*Tractium $s a registered trademark of Burroughs Wellcome Co. 


ORGANON INC. 
Organon WEST ORANGE 
NEW JERSEY 07052 


Manufactured for ORGANON INC, 
By BEN VENUE LABORATORIES, INC. e BEDFORD, OHIO 44146 


or by 
ORGANON INC. © WEST ORANGE, NEW JERSEY 07052 


It Took Millions Of Years To Develop 
This Guidance System. 





You'll Appreciate Its Accuracy In Seconds. 


Only SmartNeedle guides your needle straight to its mark with the speed of sound. 

Whether your target is a femoral, subclavian or internal jugular vessel, you'll be able 

to distinguish arteries from veins by the sounds SmartNeedle transmits. yg 
Continuous auditory feedback helps you locate the vessel with pinpoint accuracy, 






/ puncture it and optimize the needle position within the vessel. 
Proven Doppler technology helps your needle find its target quickly while minimizing 
trauma and complications associated with multiple punctures. Therefore, less time is spent 
in preparation and patient care can begin without unnecessary delay. C p 
It’s easy to see, and hear, why SmartNeedle is essential in the OR, ER, ICU, specials and cath 
labs. And using it is as easy as it sounds. 
LE What’s more, our dedicated service and support are your assurance that it will always be a 
device you can rely on. 


For more information, call us today at 800-548-1994. And get Sm a rtNe e di e ii 


vour hands on the technological alternative to flying blind. Pinpoint Accuracy With The Speed Of Sound.” 





Peripheral Systems Group 


From Burroughs Wellcome Co. 
A Long-Acting Neuromuscular Blocker 





NUROMAX; INJECTION 


(doxacurium chloride) 1 mg/mL 


A Long-Acting Neuromuscular Blocker 


NUROMAX INJECTION 


(doxacurium chloride) 


Excellent CV Stability 


Cardiovascular stability comparable with vecuronium 





Change in MAP . 
(mm/Hg) 





Change in HR 
(beats/min) 
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Emmott et al! compared the hemodynamic effects of Nuromax 0.037 and 0.075 mg/kg with the effects of pancuronium 0.09 mg/kg and 


vecuronium 0.075 mg/kg in 36 CABG patients (9 patients, each group). 
Mean changes from baseline values of mean systemic arterial pressure (MAP) and heart rate (HR) at 1, 5 and 10 min after administration. 


All routine cardiac and vasoactive medications were continued up to the morning of surgery. 


=m =æ doxacurium 0.037 mg/kg s Pancuronium 0.09 mg/kg 


-m (OXacurium 0.075 mg/kg es VECUTONIUM 0.075 mg/kg 





The Osler Institute 


Anesthesiology Board Review Courses 
honoring Alon Winnie 


July 4-9 and August 4-9, 1992 — Ch 
Aug. 1-3 — Los Angeles 


Aug. 14-16 — Atlanta 


[cago 
Sept. 14-19 — Boston 


Now, special programs for written and oral boards 


OBJECTIVES 


© Improve basic and clinical knowledge of anesthesiology 


® Assist residents and fellows 


© Prepare candidates to take their written and oral exams 


METHODS 


to better organize for further study 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities, but from people who are relatively unknown as well. ”* 


PHYSIOLOGY 
Respiratory Physiology 
Cardiovascular Physiology 
Neurophysiology 
Hepatic & Renal Physiology 
Acid-Base and Blood Gas 


PHARMACOLOGY 
Pharmacokinetics 
Inhalation Anesthetics 
Intravenous Anesthetics 
Local Anesthetics 
Muscle Relaxants 
Central Nervous Drugs 
Cardiac & Diuretic Drugs 
Interactions & Genetics 


PHYSICAL SCIENCES 


Applied Anatomy 
Physics and Gas Laws 
Anesthesia Machines 
Breathing Systems 


FUNDAMENTALS 


Preop. Evaluation & Prep. 
Patient Monitoring 
Airway Management 
Fluid and Blood Therapy 
Cardiopulmonary Disease 
Hepatic & Renal Disease 
Metabolic Disease 
Recovery Room 


REGIONALANESTHESIA 
Autonomic Blocks 
Spinal and Epidural Blocks 
Upper Extremity Blocks 
Lower Extremity Blocks 
Chronic Pain Management 


Name 
Address 
City/State 
Zip Phone 
Mail today to: 


1094 East Dawn Drive, De 
P.O. Box 2218 
Terre Haute, IN 47802 


Limited Enrollment: ANESTHESIOLOGY REVIEW COURSE REGISTRATION 


——— eee 
———— eee 
UUU 


SPECIALTY AREAS Neils Jensen, M.D. 
Obstetric Anesthesia Associate in Anesthesiology 
Pediatric Anesthesia University of Iowa 
Cardiac Anesthesia Eugene Lipov, M.D. 
Thoracic Anesthesia Ass’t. Prof. of Anesthesiology 
Neuroanesthesia Rush Medical College 
Ophthalmic & E.N.T. David Lubarsky, M.D. 
Geriatric and Outpatients Ass’t. Prof. of Anesthesiology 

Duke University 

Solomon Aronson, M.D. Terence Murphy, M.D. 

Ass’t. Prof. of Anesthesiology Professor of Anesthesiology 

University of Chicago University of Washington 

Jonathan Benumof, M.D. Michael Ritter, M.D. 

Professor of Anesthesiology Staff Anesthesiologist 

Univ. of California, San Diego St. John’s Mercy Hosp., St. Louis 

T. Andrew Bowdle, M.D. David Rothenberg, M.D. 

Assoc. Professor of Anesthesiology Ass’t. Prof. of Anesthesiology 

University of Washington Rush Medical College 

Eugene Cheng, M.D. Ramez Salem, M.D. 

Ass’t. Prof. of Anes. and Med. Clin. Prof. of Anesthesiology 

Medical College of Wisconsin University of Illinois, Chicago 

Edward Czinn, M.D. Astride Seifen, M.D. 

Clin. Ass’t. Professor of Anes. Professor of Anesthesiology 

University of Illinois, Chicago University of Arkansas 

Hernando DeSoto, M.D. Daniel Siker, M.D. 

Chief of Anesthesiology Ass’t. Prof. of Anes. and Ped. 

Riverside Hospital, Jacksonville Medical College of Wisconsin 

Elizabeth Frost, M.D. Theodore Smith, M.D. 

Professor of Anesthesiology Professor of Anesthesiology 

Albert Einstein College of Med. Loyola University 

Anthony Ivankovitch,M.D. Alon Winnie, M.D. 


Prof. & Chmn. of Anesthesiology Professor of Anesthesiology 
Rush Medical College University of Illinois, Chicago 


LJ July 4-9, 1992 — Chicago 
[L] August 1-3, 1992 — Los Angeles 
a August 4-9, 1992 — Chicago 
C] August 14-16, 1992 — Atlanta 
O September 14-19, 1992 — Boston 
C] Check enclosed for $ 
[] Please send FREE SAMPLE 


pt. 205B 


® HOME STUDY questions, answers, assignments and keywords 
® SEMINAR with projection slides and Jecture-note syllabus 
® PRACTICE EXAMS for written and oral board exams 


Written Board Review 


Lectures and written exam seminars 
e Home-study keywords with discussions 
and questions with answers. 
è Six-day lectures with syllabus. 
è Seminars for written exam questions. 
e July 4-9; September 14-19. 


Oral Board Review 


Mock oral exams and lectures 

è Home-study, oral-exam stem cases with 
pre-op, intra-op and post-op questions. 

eè Six-day lectures with syllabus and con- 
current mock oral exams most hours. 

e Registration includes one mock oral. 

e Extra public mock oral exam ($80), pri- 
vate mock oral exam ($110). 

e July 4-9; August 4-9; September 14-19. 


Oral Board Tutorial Days 


Choose any days — groups limited to 24 
e Home-study, oral-exam stem cases with 
pre-op, intra-op and post-op questions. 
© Mock oral exams in groups limited to 24. 
e Includes one public mock oral per day. 
e Extra public mock oral exams ($80), pri- 

vate mock oral exams ($110). 
e July 4-9; August 1-3; August 4-9; 
August 14-16; September 14-22. 


Two-Part Board Review 


Nine mock orals in any two courses 
è Any course in 1992, plus any other within 
three years. One course may be up to six 
Oral Board Tutorial days of your choice. 
© Choose between lectures and concurrent 
mock orals or written exam discussions. 
e Nine (9) mock oral exams in groups 
limited to 24 participants. 


Unconditional Guarantee 

e If you fail the next Anesthesiology Board 
Exam you take after taking one of these 
courses, we will refund half of your last 
course registration fee and allow you to 
repeat the course once for FREE. 

è This is NOT conditional upon you taking 
more than one course, or extra mock orals. 

e Last year, after we first made this guaran- 
tee, less than 2% requested a refund. 


Information 


The Osler Institute 
1094 East Dawn Drive, P.O. Box 2218 
Terre Haute, IN, 47802 


(800) 356-7537 
Plus mock orals only September 20-22. 
* Comments by past Osler participants 








INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


THE B.B. SANKEY ANESTHESIA ADVANCEMENT AWARD 


1992 AWARDS 


At the IARS 66th Congress in March 1992, the Board of Trustees announced 
recipients of the 1992 Awards as follows: 


Timothy J. Connelly, mp, Ms, University of Wisconsin, Madison, WI: 
“The Effect of Volatile Anesthetics on the Calcium Release Channel of Cardiac 
Sarcoplasmic Reticulum” 


Francis X. McGowan, Jr., MD, University of Pittsburgh School of Medicine, 
Pittsburgh, PA: 
“Effects of General Anesthetics Upon Nitric Oxide Production in the Porcine 
Coronary Circulation” 


Richard Smiley, mp, PhD, Columbia University College of Physicians and 
Surgeons, New York, NY: 
“Perioperative Beta-Adrenergic Receptor Desensitization” 


Arthur W. Wallace, mp, PhD, University of California, San Francisco, CA: 
“Hemodynamic Determinants of Left Ventricular Function and Myocardial Ischemia 
in Man” 


1993 B.B. SANKEY 
ANESTHESIA ADVANCEMENT AWARDS 


Applications for up to $25,000 are invited for the 1993 Awards, subject to the 
following basic conditions: 


@ Proposals must be within the general field of anesthesiology and may be for 
research, clinical care, education, or administration. 


Applicants must be members of the International Anesthesia Research Society. 


è Applications must be received in the IARS Cleveland office no later than 
December 11, 1992. Where relevant, applications must include institutional 
approval of human studies and/or animal research. 


è The official application for the Award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


International Anesthesia Research Society 
2 Summit Park Dr., #140 

Cleveland, OH 44131 

Telephone: (216) 642-1124 


The 1993 Awards will be announced at the 67th Congress of the International 
Anesthesia Research Society to be held at the San Diego Marriott, March 19-23, 
1993. 


Optimal induction produces 1) unconsciousness and 

2) a rapid progression to a state of anesthesia, with 

maintenance of stable cardiovascular functioning.’ 

However, even though high doses of hypnotics— 

such as thiopental or propofol—can achieve both 

endpoints, they can also cause significant hemo- 

dynamic changes. Therefore, it may be advanta- 
geous to manage hypnosis and 
anesthesia sequentially by 


employing a combination of 

function-specific agents. 
Indeed, VERSED given 

in combination with a second 


CO-INDUCTION 


Roche Laboratories 


<p> a division of Hoffmann-La Roche Inc. 


Copyright © 1991 by Hoffmann-La Roche Inc. All rights reserved. 





agent can achieve hypnosis 
through the synergistic inter- 
action of subanesthetic 
doses,** the goal being to 
maximize desired effects and 
reduce the undesired. 





The advantage of co-induction 


It is well established that induction agents potentiate 
each other when given in combination. One quarter 
of the hypnotic EDs of VERSED can reduce the hyp- 
notic EDs of thiopental by as much as 75%.° 
However, this degree of reduction occurs when 
thiopental is given one minute after VERSED, thereby 
achieving synchronous peak effects. The magnitude 
of interaction diminishes as the interval between the 
administration of the co-induction agents lengthens. 


Dosing considerations with 
VERSED (midazolam HCl/Roche)@ 


When VERSED is used before other intravenous agents for induction of 
anesthesia, the initial dose of each agent may be significantly reduced, at 
times to as low as 25% of the usual initial dose of the individual agents. 

As a standard precaution, prior to I.V. administration of VERSED in 
any dose, oxygen and resuscitative equipment should be immediately 
available. VERSED should be used as an induction agent only by persons 
trained in anesthesiology and who are familiar with all dosing and adminis- 
tration guidelines. Reduce dosage in elderly or debilitated patients, in pa- 
tients receiving narcotic premedication and in those with limited pulmonary 
reserve. 

It is recommended that patients do not drive or operate hazardous 
machinery after receiving VERSED until the effects of the drug (e.g., drow- 
siness) are gone or until the day after anesthesia, whichever is longer. 

The decision must be individualized. 


IDEAS IN ANESTHESIA 


AN ONGOING SERIES 


Please see summary of product information on following page. 


ement of general anesthesia. in: Milor RD, ed. Anesthesia. 3rd ed. 
Le ee a , Kesir | Midarciamfor  . 
coinduciion of thiopantal anesthesia in patients. Anesthesiology. 1900:73(3A):A1216. 3. Tvarekoy M, ot al. 


al. ; 
83:109-112. 8. Short. TG, Galey DC, Phunmer JL Hypnotic and anaesthetic action of thiopentone and 
midazolam alons and Ge En 8. Kisain |, ot al. AHentanil 

ot paler Anesth Anaig. 1960;71:85-89. 7. Vink HA, 
Bradiay EL Jr, Klesin L synergism for anegthetic induction in patents. Ananth Analg. 
19.89 68-213-217. 8. Ben-Shiorne |, et al. Midazolam acts synergistically with fentanyl for induction of 
anaesthesia. Gr J Anaesth. 1990:84:45-47, 





VERSED® 
midazolam HCl/Roche & 
INJECTION 


Before prescribing, please comsult complete product information, a summary 
of which follows: 


VERSED has been associated with respiratory depression and respira- 


recognized 
lopathy hes resulted, Intravenous VERSED shouid be used only in hospital or 
ambulatory care settings, ' offices, that provide for continuous 


including 
monitoring of respiratory and cardiac function. Immediate availability of resuscitative 
Cee oe eed amie a ee ots RERA, (See 


The Fiber e EEE sas EEEE E Sosa REA ieee mg, but 


| should not exceed 2.5 mg in a normal heatthy adult. Lower doses are necessary for 

cider (over 60 years) or debilitated patients and in patents recetving concomitant 
narcotics or other CNS depressants. The initial dose and all subsequent doses 
should never be given as a bolus; administer over at least 2 minutes and allow an 
additional 2 or more minutes to fully evaluate the sedative effect. The use of the 

1 mg/mL formulation or dilution of the 1 mg/mL or 5 mg/mL formutation is recom- 
mended to facilitate slower injection. Consult complete product information under 
DOSAGE AND ADMINISTRATION for complete dosing information. 


CONTRAINDICATIONS: Patients with known hypersensitMty to the drug. 
Benzodiazepines are contraindicated in patients with acute narrow angle glaucoma; may 
E aired d a auido appropriate therapy. 

Not intended for or epidural administration due to the presence of the preser- 
dest elec gla 


WARNINGS: Never use without individualization of dosage. Prior to IV use in any 


depresses respiration, and opioid agonists and othar sedatives can 
add to this depression, kakapa aah ile ian onal Sin ps cia 
trained in general anesthesia and shouid be used for conscious sedation onty in the: 
prenna of paroma ae i ah a ee maintaining a patent 
and supporting ventilation. For consctous sedation, do not administer IV by 
cardlorespirat 


hypotensive episodes 
AA EE E A vedi iris ALAN e toa CA eE aac 
have ved VERSED. 


' paradoxical 
should be considered. Should these reactions occur, RO SETER, 
and al other druga- should be evaluated before 


uncompensated acute iinesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial injection; hazards in humans unknown. Avoid 
extravasation, 


VERSED should onty be. administered IM or IV. Safety and efficacy of other routes of 
administration are not established. 

Gross teste of recolary from the effacts of VERSED cannot alone predict reaction time 
under stress. This drug Is never used alone during anesthesia, and the contribution of other 


Usage In Pregnancy: An Increased risk of malformations 
W tha ee ee ee ee 
suggested in several studies. If VERSED is used during pregnancy, apprise the 
patiant of the patentini Hazard to tia anie 

ECAUTIONS: General: Decrease Intravenous doses in eiderty and debilitated 
iat These patients wil also probably take longer fo recover compietaly after 
VERSED for induction of anesthesia. 
VERSED does not protact against increased Intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal Intubation under fight 
general anesthesia. ' 
information for patients: S choco srt dhe a o ial bee 


regarding simultaneous ingestion of alcohol and benzodiazepines. 2. 

physician if you are pregnant or are planning to become pregnant. 3. inform your physt 
cian if you are nursing. 
Drug interactions: The sedative effect of IV VERSED is accentuated by premedication, 





VERSED® (midazolam HCi/Roche) 


narcotics {e.g morphine, meperidine, fentanyl) and also secobarbital and 
a oleal Mademicarlias Consequently, adjust the dosage according to the type 


and amount of 

A moderate reduction in induction Induction dosage requirements of thiopental (about 15%) has 
been noted following use of IM VERSED for premedication. 

NV administration of VERSED decreases the mindmum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 


other berzodiazapines may be delayad with 
crest saree och awa ee Clinical significance of this 


Drug/aboratory test interactions: Midazolam has not been shown to interfere with clinical 


laboratory test resufts. 

Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate was adminis- 
tered to mice and rats for two years. At the highest dose (80 mg/kg/day) femala mice had 
a marked Increase in incidence of hapatic tumors and male rats had a small but signif 
cant increase In benign thyroid follicular cell tumors. These tumors were found after 
chronic use, whereas human use wil ordinarily be of singie or saveral dosss. 

Midazolam did not have mutagenic activity in tests that were conducted. 
ee ee ee ee uae oe 


De snd cisia aay D. See WARNINGS saction. 
Midazolam maleate injectable, at § and 10 times the human dosa, did not show evidence 
of teratogenicity in rabbits and rats. 

Labor and delivery: Use in obstetrics has not been evaluated. Because midazolam is 
transferred transplacentally and because other benzodiazepines given in the last weeks 
of pregnancy have resulted in neonatal CNS depression, VERSED ts not recommended 
for obstetrical use. 

Nursing mothers: Excreted in human mik. Not recommended for use in nursing mothers. 
Pediatric use: Safety and offectiveness in chidren baiow the age of 18 have not been 


ADVERSE REACTIONS: See WARNINGS concerming serious cardiorespiratory 
xica 


~ parenteral foqueantiy ngs 
oie aac ety rate decrease (23.3% of patients following IV and 10.8% 


of patients folowing IM administration) and apnea (15.4% of patients following IV admin- 
istration), as weal as varlations In blood and pulse rate. 
Following IM infection: headache (1.3%); local effects at IM site: pain (3.7%), induration 
line redness (0.5%), muscle stiffness 0.3% 

administration to elderly and/or highs surgical patients hes been associated with 
aL bch. aie ea cardiorespiratory depression, 
pV ibs E E S a ci 
e ee 

9%), nausea (2.8%), vomiting (2.6%), 


Following IV administration: hiccoughs (3 

(1.396), “oversedation” (1.65%), headache (1,5%), oes OMe A 

site: T ee induration (1. fas 
NM administration: 


amnesia, euphoria, hallucination nervousness, arodaty, 
grogginess, ' delirium or agitation, protonged emergence from 
anesthesia, during emergence, , naomia, nightmeras, 


Abuse and 
so potential of midazolam suggest that Rs abuse potential Is at least equivalent to that 
diazepam. . 
OVERDOSAGE: Manifestations would resemble those observed with other berzodt . 
azepines (e,9., sedation, somnolence, confusion, Impaired coordination, diminished 
reflexes, coma, untoward effects on vital signa). No specific organ toxicity would be 


expected 

DOSAGE AND ADMINISTRATION: VERSED Is a potent sedative agent which 
requiree stow administration and Indhidualization of doseage. Cainical Ses 
has shown VERSED to be 3 to 4 times as potent per mg as dlavepam, BECAUSE 

SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY ADVERSE EVENTS 
HAVE BEEN REPORTED, PROVISION FOR MONITORING, DETECTION AND 
CORRECTION OF THESE REACTIONS MUST BE MADE FOR EVERY PATIENT 
TO WHOM VERSED INJECTION IS ADMINISTERED, REGARDLESS OF AGE OR 
HEALTH STATUS. Excess doses or rapid or single bolus Intravenous administre- 
tion may reeult in respiratory depression and/or arrest. See WARNINGS.) Prior 
to use refer to the DOSAGE AND ADMINISTRATION section in the complete 
product information. 


Pi. 0891 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 


340 Kingsiand Street 
il fra 0718-1189 


Longer acting than “high-dose” vecuronium 


Clinically effective block (time to 25% recovery) 


ED,. (0.025 mg/kg) 
~ 60 minutes 
(range 9-145) 


2xED,. (0.05 mg/kg) 
~ 100 minutes 
(range 39-232) 


NUROMAX' 


3xED,. (0.08 mg/kg )* 
160 minutes or more 


(range 110-338) 


3xED,. (0.2 mg/kg) 
~ 68 minutes 
(range 50-106) 


5xED,,. (0.3 mg/kg) 
~ 111 minutes 


vecuronium*' 
(range 62-208) 


7xED,. (0.4 mg/kg) 
~ 115 minutes 
(range 35-191) 


*This dose should be reserved for instances in which a need for very prolonged neuromuscular block is anticipated. 
tNumbers shown are not directly comparable since these data have been compiled from different study populations. 


= Cardiovascular stability comparable with normal saline ° 

= Noncumulative 

= Ready-to-use solution 

= Vials stored at room temperature, no refrigeration required 
= Supplied as a 5 mL vial, 1 mg/mL 





NUROMAX veco 


(doxacurium chloride) 1 mg/mL 


Excellent for Long CV Procedures 








Please see brief summary of full prescribing information. 


NUROMAX” INJECTION 


(DOXACURIUM CHLORIDE) 


Brief Summary 

ei aiat I EELEE ule EE AE E E AN 
actions, charsctaeristics, and hazards. 

individuaiization of Dosages: in elderly patients cr palferts who have impaired renal function, the 
potertal for a profongaiion of block may be reduced by decreasing the initial Nuromax dose and by 
titrating the dose to achieve the desired depth of block. In obese patients (patients weighing > 30% 
more than kiea! body weight for height), the Nuromax dose should be determined using the patient's 
ideal body weight (BY), according to the following formulas: 

Morr IBW in kg = [106 + (6 x inches In height above 5 feafjy2.2 

Women: IBW in kg = [100 + (5 x Inches in height above 5 faetjj/2.2 

Dosage requirements for patients with severe liver disease are variable; some pagents may require a 
higher than normal Initial Nuromax dose to achieve clinically effective block. Once adequate block is 
established, the cinica! duration of block may be prolonged in such padients relafive to paflents with 
normal iver function. 

As with pancuronium, metocurine, and vecuronium, resistance to Nuromax, manifested by a reduced 
Intensity andor shortened duration of block, must be considered when Nuromax ts selected for use In 
paiienis receiving phenytoin or carbamazepine (see Drug Interactions subsection of PRECAUTIONS). 
As with other nondepolarizing neuromuscular blocking agents, a reduction In dosage of Nuromax must 
be considered in cachactic or debiiitatad patients, in patents with neuromuscular diseases, severe 
slectrotyte abnormalities, or carcinomatosis, and In other patients in whom potentiation of 
neuromuscular block or difficulty with reversal Is anticipated. Increased doses of Nuromax may be 
required in bum paftents (see PRECAUTIONS). 

INDICATIONS AND USAGE: Nuromax is a long-acting neuromuscular blocking agent, indicated as an 
adjunct to general anesthesia, to provide skeleta! muscie relaxation during surgery. Nuromax can also 
be used to provide skeletal muscts relaxation for endotracheal! Intubation. 

CONTRAINDICATIONS: Nuromax is contraindicated in patents known to have hyparsensiftvity to it 
WARNINGS: NUROMAX SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY 
OR UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE 
DRUG’S ACTIONS AND THE POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT 
BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN 
THERAPY, AND AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT 
CLINICIANS ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH AS 
NUROMAX EMPLOY A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG RESPONSE, 
NEED FOR ADDITIONAL RELAXANTS, AND ADEQUACY OF SPONTANEOUS RECOVERY OR 
ANTAGONISM. NUROMAX HAS NO KNOWN EFFECT ON PAIN THRESHOLD, 
OR CEREBRATION. TO AVOID DISTRESS TO THE PATIENT, NEUROMUSCULAR BLOCK 
SHOULD NOT BE INDUCED BEFORE UNCONSCIOUSNESS. 

Nuromax injection is acidic (pH 3.9 to 5.0) and may not be compatibie with alkaline solutions having a 
pH greater then 8.5 (eg, barbiturato sclufions). 

Nuromax Infection contains benzyl alcohol. in newborn infants, benzyl alcohol has been_associated 
with an increased incidence of neurological and other complications which are sometimes fatal See 
Pediatric Use subsection of PRECAUTIONS. 

PRECAUTIONS: Gonersl: Nuromax has no clinically significant effects on heart rate; thersiore, 
Nuromax will not counteract the bradycardia produced by many anesthetic agents or by vagal 
stimulation. Neuromuscular blocking agents may have a profound effect in patients with neuromuscular 
diseases (eg, myasthenla gravis and the myasthenic syndrome). In these and other conditions in 
which prolonged neuromuscular block Is a possiblity (a.g, carcinomatosis), the use of a peripheral 
nerve stimulator and a small test dose of Nuromax is recommended to assess the level of 
neuromuscuar block and to monitor dosage requirements. Shorter acting muscle relaxants than 
Nuromax may be more suitable for these patients. Resistance to nondepolaizing neuromuscular 
blocking agents may develop In patients with bums depending upon the time elapsed since the injury 
Sore Uae Reece he tered ieee cde 
electrolyte abniormaifies may potentiate or antagonize fhe acson of neuromuscular blocking agents. 
The action of neuromuscular blocking agers may be snhanced by magnesium salts administered for 
the management of toxemia of pregnancy. Nuromax has not been studied in patents with asthma. No 
data are available to support the use of Nuromax by Intramuscular injection. Renal and Hepatic 
Disease: Nuromax has been studied in patents with end-stage kidney (n=) ar iver (ne7) disease 
undergoing transplantation procedures (see CLINICAL PHARMACOLOGY). The possibility of 
prolonged neuromuscular biock in paflenis undergoing renal transplariafion and the possibilty of a 
yarlable onset and duration of neuromuscular block in patients undergoing liver must be 
considered when Nuramax is used in such pationts. Obeatty: Administraton of Nuromax on the basis 
of actual body weight is associated with a prolonged duration of action in obese (patients 
weighing 2 30% more than Ideal body weight for height) (see CLINICAL PHARMACOLOGY). 
Therefore, the dase of Nuromax shouid be based upon kieal body weight in obese patients (see 


(MH): in a study of MH-suscaptibie pigs, Nuromax did not trigger MH. Nuromax has nat been studied in 
MH-susceniible patients. Since MH can develop in the absence of estabkehed triggering agents, the 
¢Ginician should be prepared to recognize and treat MH in any pailent scheduled for general anesthesia. 
Long-Term Use in the intensive Care Unit (CU): No data are avaliable on the long-term use of 
Nuromax in ciple undergoing mechanical ventilation In the ICU. Drug interactions: Prior 
administration af succinyicholine has no clinically Important effect on the neuromuscular blocking action 
of Nuromax. The use of Nuromax before succinyichofine to attenuate some of the side effects of 
race Mo later tS a ie ich poh 

other nondepolarizing neuromuscular blocking agents. isoflurane, enfurane and halothane decrease 

the EDs, of Nuromax by 30% to 45%. These agents may algo protong the cintcally effective duration of 
action by up to 25%. Other drugs which may enhance the neuromuscular blocking action of 
nondepolarizing agents such as Nuromax include certain antibiotics (¢.g., aminoglycosides, 
tetracyclines, bacitracin, polymyxins, IIncomycin, cindamycin, cokstin, and sodium cofstimethate}, 
magnesium saks, lithium, local anesthetics, procainamide, and quinidine. As with some other 
nondepolarizing neuromuscular biocking agents, the fme of onset of neuromuscular block induced by 
atl Onar E EE ER alah al al fal 
carbamazepine. Carcinogenesis, Mutegensels, Impairment of Fertility: Carcinogenesis and fertility 
studies have not been performed. Nuromax was evaluated in a battery of four shorHerm mutagenicity 
tests. it was non-mutagenic in the Ames Salmonella assay, In the mouse lymphoma assay, and in the 

assay 


meje rats dosed with 0.1 moko (0.625 mg/m?) Nuromax and sacrificed at 6 hours, but not at 24 or 48 ` 


hours, and in female rats dosed with 0.2 mg/kg (1.25 mg/m?) Nuromax and sacrificed at 24 hours, but 
not ai 6 or 48 hours. Thare was no increase in suctural abnormalites in either male or female rats 
given 0.3 mg/g (1.875 mg/m?) Nuromax and sacrificed at 6, 24, or 48 hours. Thus, the incidence of 
abnormatiies in the 47 ro rat bone marrow cytogenetic assay was not and, therefore, 
the likelihood that the observed abnormalities were treatment-related or clinically significant is low. 


ees Taso neat, rogant 
rats and mice treated subcutaneously with maximum subparatyzing doses of Nuromax revealed no 
matemal or fatal toxicity or teratogenic effects. There are no adequate and well-controfied studias of. 
Nuromax in pregnant women. Because animal studies are not always predictive of human response _ 
and the doses used were , Nuromax should be used during pregnancy only If the 

potential benefit justifies the potenta! risk fo the fetus. Labor and Delivery: The use of Nuromax during - 
labor, vaginal delivery, or casargan section has not been studied. ft fs not known whether Nuromax ` 
administered to the mother has immediate or delayed effects on the fetus. The duration of action of 


Nuromax Is excreted in human mik. Because many drugs are excreted in human mik, caution should 
be exercised following Nuromax administration to a nursing woman. Pedlatric Use: Nuromax has not 
been siudied in children below the age of 2 yaars. See CLINICAL PHARMACOLOGY and DOSAGE AND 
ADMINISTRATION for clinical experience and recommendations for use in chidren 2 to 12 years of age. 
Geriatric Use: Nuromax has been used in ekderty patients, including patients with significant 
cardiovascular disease. In elderly patients the onset of maxdmum block is slower and the duration of 
neuromuscutar block produced by Nuromax is more variable and, in some cases, longer than in young 
adult patients (see Pharmacodynamics and individuallzation of Dosages subsections of CLINICAL 
PHARMACOLOGY) l 


ADVERSE REACTIONS: The most frequent adverse effect of blocking agents as a 
Clase consists of an extension of the pharmacological action beyond the tima needed for surgery and 
anesthesia. This effect may vary from skeletal muscle weakness fo profound and prolonged skoletal 
musde paralysis resulting in respiratory insufficiency and apnea which require manual or mechanical 
ventilation until recovery is judged to be clinically adequate (see OVERDOSAGE). inadequate reversal 
of neuromuscular block from Nuromax is possible, as with all nondepolarizing agents. re 
neuromuscular biock and inadequate reversal may lead to postoperative Obeerved In 
Clinical Trials: Adverse experiences were uncommon among the 1034 surgical patients and 
volurieers who received Nuromax and other drugs in U.S. clinical studies In the course of a wide 
variety of procedures conducted during balanced or inhalational anesthesia. The following adversa 
experiences were reported in patents administered Nuromax (afl events judged by investigators during 
the clinical triats to have a possible causal retatonship): 
inckience Greater than 1% - None 
incidence Lees ihan 1% - 
Cardiovascutar*: hypotension,' flushing,' ventricular fbrilation, myocardial infarction 
Dermatological: urticaria, Infection site reaction 
Special Senses: dipiopta 
Nonspecific: difScult neuromuscular block reversal, protonged drug effect, fever 
* Reports of ventricular fibration (n1) and myocardial InfarcBon {n=1) were imited to ASA Ciass 3-4 
patients undergoing cardiac sungary (ni 42). 
t 0.3% incidence. All other reactions unmarked were < 0.1%. 
OVERDOSAGE: Overdosage with neuromuscular blocking agents may result in neuromuscular block 
beyond the time needed for surgery and anesthesia. The primary treatment is maintenance cf a patent 
airway and controlled veniilation until recovery of norma! neuromuscular function is assured. Once 
evidence of recovery from neuromuscular block is observed, further recovery may be faciitated by 
administrabon of an antichoinesterase agent (eg, neostigmine, edrophonium) in conjunction with an 
appropriate amicholinergic agent (see Antagonism of Neuromuscular Block). 
sole aay Neuromuscular Block: ANTAGONISTS (SUCH AS NEOSTIGMINE) SHOULD NOT 
BE ADMINISTERED PRIOR TO THE DEMONSTRATION OF SOME SPONTANEOUS RECOVERY 
FROM NEUROMUSCULAR BLOCK. THE USE OF A NERVE STIMULATOR TO DOCUMENT 
RECOVERY AND ANTAGONISM OF NEUROMUSCULAR BLOCK IS RECOMMENDED. TT, 
SHOULD BE > ZERO BEFORE ANTAGONISM IS ATTEMPTED. 
in an analysis of patients in whom antagonism of neuromuscular block was evaluated following 
acirinistrafion of single doses of neostigmine averaging 0.06 mg/kg (range: 0.05 to 0.075) administered 
at approximately 25% T; spontaneous recovery during balanced anesthesia, 71% of patients exhibited 
TT, 20.7 before monitoring was discontinued. For these patients, the mean time to T/T, 2 0.7 was 
19 minutes (range: 7 to 55). As with othar long-acting nondepolarizing neuromuscular blocking agents, 
the fima for recovery of neuromuscular function following administrafion of neostigmine is dependent 
upon the level of residual neuromuscular block at the time of attempted reversal; longer recovery times 
tran those cited above may be anticipated when neostigmine is administered at more protound tevels 
ot block (de, at < 25% 7, recovery). 
Patients should be evaluated for adequate clinical evidence of antagonism, e.g, 5-second head iif, and 
grip strength. Ventilation must be supported until no longer required. As with othar neuromuscular 
blocking agents, physicians should be alert to the possibility that the action of the drugs used to 
antagonize neuromuscular block may weer off before the effects of Nuromax on the neuromuscular 
junction have declined suffictently. 
Antagonism may be detayed in the presence of debiltation, carcinomatosis, and the concomitant use of 
certain broad spectrum antibiotics, or anesthetic agents and other drugs which enhance neuromuscular 


block or ly cause respiratory depression (see Drug Interactions subsection of PRE- 
CAUTIONS). Under such circumstances the management is the same as that of prolonged 
neuromuscular block. 


in clinical trials, a dose of 1 mg/kg sdrophonium was not as effective as a dose of 0.08 mg/kg 

neostigmine in moderate to deep levels of neuromuscular block (Le., < 60% T, recovery). 

Therefore, the use of 1 mg/kg edrophonsum is not recommended for reversal from moderate to desp 

javais of block. The use of pyridostigmine has not been studied. 

Adults: mittel Doees: When administered as a component of a thiopental/narcotic inductionintubatton 

ee a 0.05 mg/kg (2 
Nuromax produces good-to-axcellent conditions for tracheal intubation in 5 minutes in 


A E gaa 39 to 232} folowing 0.05 mg/kg Nuromax administered 
to patients recetving balanced 
Pa pene ARENE dee in A manent ree eae ee 
very prolonged neuromuscular block is anticipated. in approximately 9056 of paflents, good-to-excailant 
intubation conditions may be expected in 4 minutes afier this dose; however, clinically effective block 
may be expected to persist for as long as 160 minutes or mora (range: 110 to 338) (see CLINICAL 
PHARMACOLOGY). 
STORAGE: Store Nuromax injection at room temperature of 15° to 25°C (59° to 77°F). DO NOT 
FREEZE. 
U.S. Patent No. 4701465 


Ak Burroughs Welcome Co. 
Wiellceme Resaarch Triangle Park, NC 27709 
Copr. © 1991 Burroughs Wellcome Co. All rights reserved. NM-Y03102 


= 


Prompt Ret ve rsal of 


Ss Porp LAN wr _— 





Awake and alert-—effective reversal 


of sedation 


New MAZICON (flumazenil/Roche) rapidly and specifically reverses 
sedation produced by any benzodiazepine 


Promptly restores patients to consciousness—often within 
minutes of reaching an effective dose 


Reverses benzodiazepine sedative effects only—not the 
effects of narcotics or other CNS agents 


Adverse effects 

The most common side effects in clinical trials were nausea 
and vomiting (11%), dizziness (10%), agitation (3-9%) and 
injection-site pain (3-9%) 


Specific 
Reversal of 
Benzodiazepine 
Sedation 


Seizures 


MAZICON is associated with seizures, 

most often in patients on benzodiazepines for long-term 
sedation or who are showing signs of serious cyclic 
antidepressant overdose. Practitioners should individual- 
ize the dosage and be prepared to manage seizures. 


Worldwide experience 


Proven clinical experience in more than 50 countries 


Please see following pages for complete product information. 
Copyright © 1992 by Hoffmann-La Roche Inc. All rights reserved. 








Prompt Reversal of 
Benzodiazepine Sedation 


Dosing and Administration 


For reversal of benzodiazepine-induced general anesthesia 
or conscious sedation: 


Initial dose: 0.2 mg (2 mL) !.V. over 15 seconds 


um If desired level of consciousness is not 
obtained after waiting an additional 45 seconds: 


Follow-up doses: 0.2 mg (2 mL) |.V. every 60 seconds 
"=> Up to a maximum dose of 1.0 mg (10 mL) 
Management of resedation: 


Repeat treatment above 


Repeat treatment may be given no more often than every 20 minutes 
w= No more than 1 mg total dose should be given in any 5-minute interval 


w=» No more than 3 mg total dose should be given in any one hour 


Important safety information 


= Contraindicated in hypersensitivity to benzodiazepines or MAZICON; in 
patients taking benzodiazepines for control of potentially life-threatening 
conditions; and in patients showing signs of serious cyclic antidepres- 
sant overdose 


«=» Patients should be monitored for resedation, respiratory depression or 
other residual effects of benzodiazepines 


w=» MAZICON does not diminish the need for prompt detection of hypoventila- 
tion and the ability to intervene effectively by establishing an airway and 
assisting ventilation 


> MAZICON should not be the initial treatment for benzodiazepine-induced 
hypoventilation; the first step is assisted ventilation 


w= In patients who are dependent on benzodiazepines, MAZICON may 
precipitate withdrawal syndromes 


B 
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Roche Laboratories The reversal agent you’ve been waiting for 
» a division of Hoffmann-La Roche Inc. See important safety information about resedation. 





MAZICON™ 

(fumazentiRochs) 

DESCRIPTION: MAZICON™ umas- 
e e a mabe carbon 
elle ed See tk o a a 


ha 
DH 7.4. AO T A Hid eich EONI A A eh ONE MAZICON is avaiable 
rp bele ny fap ele AN administration. Each mi contains 0.1 
earth ot be 


aes perenne E an tute 
a a hE oato apt pi ot to approximate 4 with hydrochtoric acid and/or, ff neces- 
- sary, sodium hydroxide, 


: Rumazeni, an imidarobenzodiszepine derivative, antagonizes the actions of 
ee ee ee ee PAm Coney NEA CE at the berzodi- 
eoma aao Te receptor complex. Humazendi is a partial agonist 
inom of , but has fits or no agonist activity in man. 
central Del tain Gh leet a 
barbiturates, or general anesthetics} and 


optotds. 
DYNAMICS: inravenous MAZICON has been shown to antagonize sodation, mnpatmant real 


Te aon ard dre eet ot b a ie ace ee ants does ann OAE 


tions of flurmazend as shown in the following data from a study in normal volunteers. 


Magnitude and Duration of Reversal of Sedation as a Function of Rumazeni] Doss* 
ar aa o Oe oh A 
(biood level In ng/mL) 


Io det 


Hele. ak poten 












Minutes after Flumazenit Infection 
*Sedation produced by midazolam Infusion at a rats of 0.08 -0.20 mo/kg/nr in healthy volunteers 


Generally, doses of 0.1 t002 levels of 3 to 6 ng/mL. 
ai anki ates abe aar las hae aoa Ld ALDI ergs ently name) ao 


Si aoe SiE AA visits ia ae rece? 
comune evident within 1 to 2 minutes after the injection 


CON ghon. 
C Re erase: MON id ik aioe iter recs wher given wind a Tk cine 


m ea ST bal al alll alae lial 
PHARMALO TY administration plasma concentrations of flumazenil follow a two compart- 
Sa tel thant ORL hearin tte ho 16 calnuibes evel a toed hole 
concentrations of ffumazend 


of 41 to 79 minutes. Pask of to with an apparent iniiai vol- 
ume of distribution of 0.5 L/kg. After redistribution the apparent volume of distribution (V. from 
eA aka Protein binding is approxdmatety 50% and the drug shows no prefe Imo 
Alumazenil is a highly extracted drug. Clearance of flumazeni! occurs primarily by metabolism and is 
dependent on blood flow. in Saer o roroi volers, Clearance ranges 
from 0.7 to 1.3 L/nr/kg, with fess than 1% of the administered dose slminated in the urine. The 
major metabolites of ET n Ure aa TE C TYE a an e ida conjugate. 
LU procie dia Iera eel vanes O1 Pamiacologie ae GU mehe h Ard = free ack. 
e a COI n 72 hours, with the radioactivity 


of radiotabolled 
appearing in urina and 5% to 7 


Pramarknt Puna Falovn amin tn o a at 1.0 mg of MAZICON Men (Ceti 
of variation, Range) 

ope (Pomi) 24 (38%, 11-43) 

(ng-he'mi) 15 (22%, 10-22) 

Vea (L/KQ) 1 (24%, 0.8-1.6) 

cf func) 1 (20%, 0.7-1.4) 

Half-fe (min) 54 (21%, 41-78) 
The pharmacokinetics of flumdzenit are not niticantly affected renal fallure (creatinine chear- 
ay mmn, pods beri 1 Par hour anar dig. tion. aane E & 
creased to 40% Soe A rooma with moderate Iver oekin eg 
ctr coer ver with subjects. This resutts Ina of 
Paton Seine en ela Reeth ia o ol fa tr oan 
a 50% incresse in to the a meal, 
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CONSCIOUS SEDATION: MA MAZICON was shee KE 


eu cipa agnost or surea procures, M 
adopt agnostic or surgical N was the sedating and psy- 
cio ple re 
vase, tiers cides vanes aria ie 0.4 mg I.Y. (two doses of eee 
awakehting, up to a maximum total dose 


Seventy-eight percent receiving becom aart Of those 
Seema to doses af 0.8 


eS ee or Increase In narcotic demand in these studias. White most patients re- 

ce hour post-procadurs observation wes observed fo occur in 
sh oe patients Canis fan Thos! ORTON in ants wha teil toccaied ieh domes ol tiene 
ENERAL AN : MAZICON wes studied in four trials in 644 patients who received midazolam 28 an 
Induction and/or maintenance agent In both balanced and Inhalational anesthesia Midazolam was generally 
a ao apalbade Maat , alone and/or in wih muscis ralmants, nitrous ox- 
ide, or local narcotics andor n Flumazend was given as an initia! 
dosa of 0.2 mg IV, with additonal 0.2 mg doses as needed to reach a com responsa, up to a meodmum 
total dose of 1.0 mg. These doses were affective in reversing sedation 


but did restore 


Reich inate on AS MAZICON occurred in 10% to 15% of studied and yras 
Cs ee a a a; , ong procedures (>66 minutes) and use of neuro- 


ets ee enna een MAZICON was studied in two triats in 497 


eyed MACON seat ah 
a dead lacie inne O A ar .0 to 3.0 mg. 





was associated with an 


common, but six seizures wore 
tne 6 plots had ingested aarp dose of ie antidepressants, which increased the risk of salzures, (See 


increased frequency cf of CNS excitation. Of the pe- 
rous side 


TION OF DOSAGE: GENERAL PRINCIPLES: The serious adverse affects of MAZICON are rs- 


tld by nos pallets but ay Oncat the rarageman Of pallets whe are prvscaly dependant or 
most may ao on 
Se pa obea pl arere aata N benzodiazepines for therapeutic effect (such as suppres- 
in high risk patients, ft is o emmer O A E pocceion The 1- 
minute walt between te oe eon ee eee ee 


doses in 
be too short for high risk patients. This is because It takes 6 to 10 minutas for SE ern 
it etfacts. should slow the rate of administrat on of N administered to high risk 
a8 recommended below. 
ESIA AND CONSCIOUS SEDATION: MAZICGN fs well tolerated at the recommenced doses In Ihdlvid- 
and titration 


rea dol TN cor, again io k 
PATI The risk of confusion, agitation, amotional perceptual 
Oro E ee oe ee 


cae E ied meres, 

a rp response and a 
physician may elect to use the 0.2 mg/minute 

rales eee en canis tie POI SI Dont tay iota radio agi aw VN 

toms on eraerpence. 

MAZICON has no effect In cases where benzodiazepines are not for sedation, Once doses of 3 to 

5 baa ee Oe ee ts kety to have no effect. 


PATIENTS TOLERANT TO BENZODIAZEP! MAZICON may cats ne withdrawal sym 

in indhiduats who have been taking benzodiazepines cna ha sorne er o! ranes, Sante 
A e erate 2 trials who were given fiumazend in 
caida a lags 2 to 5 times more frequently than patlents who received 


tolerance to benzodiazepines, as indicated by clinical history or by the need for 
slr base alaska pt er COE AEON TE E O earth ler Men 
frequency confusion and agitation. In cases special care m mont 
for eadation becalige of the owa doses of MAZICON used. 
PHYSICALLY DEPENDENT ON BENZODIAZEPINES: MAZICON is known to precipitate withdraral 


sevures in patients kally depends even if such dspencance was estab- 
Era ina ath Naveed ion tase pale iiyaa -2 Unit environments: The risk of elther 
salzures oF In such cases is high and pattents have experienced setzures before regaining con- 


SCIOUSTASS, 
MAZICON should be used In such settings with extreme ucla Maeve 
has not bean studied and no Information as to dose and rate of nis avallabis, MAZICON should be used 


in such patients only Hf the potential banefits of fet the risks of precipitated seizures, 

a cee aaan Ges Ceai actus tones MAGIAN rmation in this arsa 

INDICATIONS AND USAGE: MAZICON $s Indicated for the completa or partial reversal of the sedative effects of 
in cases whore anesthesia and/or maintained with benzodi- 


general has been induced 
ee ae benzodiazepines for diagnostic and therapeutic procedures, 
for the management of benzodiazepine overdose. 


ls contraindicated: 

¢ fn patients with a known hypersensitivity to flumazenil or to benzodtazspines. 

LOR Rene S PE A O 
ag. COMTO ranial pressure or status epilepticus 

> eee who are stlowing signs of sertous cyclic antidepressant overdose. (See WARNINGS.) 
WARMING. X 

THE USE OF MAZICON HAS BEEN ASSOCIATED WITH THE OCCURRENCE OF SEIZURES. 
THESE ARE MOST FREQUENT IN PATIENTS WHO HAVE REEN ON BENZO BENZODIAZEPINES FOR LONG- 
TERM SEDATION OR IN O E CASES WHERE PATI ARE SHOWING SIHNS OF SERIOUS 


PRACTIN 






-DEPRESSANT 
SHOULD INDIVIDUALIZE THE DOSAGE OF MAZICON AND BE PREPARED TO 
MANAGE SEIZURES. 


Risk of Satzeres: The reversal of b elt ey be eid whe ag aes i 
certain high-risk popubations. Poss!bie risk facturs for setzeres include: concurrent major 


fg rear ony pror lo Dureaza earn stn ores cs, or concurent cpio ono t 


aao ts cot i sitimeoded In cases of serious 


tor abnormal!fes (tattch , focal seizure pan ie ra ymo 
beart binck} porbelm A eh ir pL 

at presentation. in sich cases should be withheld cod pn Sg slowed on 

sadated ventili ard py chock Ural Dk ah arcane 


circulatory 
WAZICON has no known benefi to tha sarfoosty NI ant 


toistration regi 
fully managed wih benzodiazepines, phenytoin or barbiburahes. Because of fho presence of flamazeall, 
A srra aval ioaes ot unntodlitakaee tip bs rerearoa 
HYPOVENTILATION: Patients who bave received MAZICON for fee reversal of benzodiazepine offects (after 
other residual benzadtsrsg! pi arin ayaropriade parini (ap D 120 ntaa] beeen etl 
pe an 
duration of affect of the berzodiazsploe 
This fs because MAZICON has not been esta as an stlectizs treatment for hypoventilation due to 
benzodiazepine administration. bjere ard alr earet arepan ee akng dues wad paa 
tection of bypoventilstion aod iha ablihy to effectively intervene iy estabëshing an airway 


MAZICON may not fly reverse postoperative ventilatory lnsefficiancy induced 
beandgaia, in attn, ovea H WAZICON tay oc, latory lnsficency ined by 

aflects of H waar off belors tho eflects of benzodiacepines. 

tac hala TOS on nati the patkorts are siabje and rezadafion is 


PRECAUTIONS: RETURN OF SEDATION: MACON may bs expt to Improve the tres ot pts re- 
ee ee a calin or aiana but shoutd not be substi- 
tuted for an adequate period of post roadie nt, The sake MACON doe not edocs ho 
risks associated with tha use of large doses pal area: abide 
eS MOAR bo monitorod Ior raraton, poe MARATS or oiar ala 
O Ee ey ee mA an aar 
aN ( 40 a). te most Dah cass wher E A of ae 
< Uda n cases a OF Cu ose of 8 
mu es been given in the course of a long procedure along with neuromuscular blocking agents and 
m Bi anesthetic 
rofound resadatton was observed in 1% to 3% of patients in the cinica! studies. In clinical situations where 
at eh ape up to 1 mg af MAZICON & 
ule, not studied In 
normal volunteers. 


pharmacologic In 
USE N THEIGU:MAZICON shou be ue wh cau ne he Gr Unt Decana o he eras 


risk of un nized berzodiazepine depen such 
teris pyaaly pena oben, Soa NDWIDOALZATION OF DOSAGE AAD WARNINGS ti 


ne-inducad sadation in the Intensive Care Unit is not 
recommended due to the risk of averse events as above. In addition, the prognostic 
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of a patient's falure to respond to flumazanil in cases confounded 


metabolic disorder, traumatic Injury, 
drugs other than benzodiazepines, or any other reasons not 


with benzodiazspine receptor occu- 


I$ not 

alpen anand ales eli 
way, assisted rculatory access and support, internal decontamination cha and 
adequate clintcal gated ha 


tubes and/or Intravanous 


agitation following awako 
feet pall cela ea orf gor He a as It may be capable of pre- 
clpRating convulsions or stering cerebral blood flow In patients Sie stall a A berzodazspines: h shoukd be used 
ns 


ony by Fees epee guch com 
SCULAR BL NG "MAZICON should not be used untl the effecte of neuro- 
muscular blockade have been fully reversed. 


sea h all PATIENTS: MAZICON has bean reported to provoke panic attacks In patients with a his- 


of panic disord 
PAIN ON I INJECTION: To CE De hoon ean ce een al Mio pen sie, MAZICON shoutd 
ela len ge le intravenous infusion into a large vein. Local irritation may occur fot- 


USE N RESPIRATORY DISEASE: 
USE desc AL ASE Thap roa of patiems reela ela disease who 
serous respiratory depression due to banzod uld ba ort (sea PRE- 
CAUTIONS) rather than the administration of N. Aurmazen hs rset 
hel uced alterations In ventilatory drive in healthy volunteers, but Sal EOE aia be SAh 
USE IN CARDIOVASCULAR DISEASE: MAZICON did not Increase the work of the heart when used to reverse 


benzodiazepines in cardiac patients when EAO All gad hha lpr in 
studise reported in the clinical Gterature. o sigritant eects an cardiovascular parom- 
aters when administered to 


populations. 
either as a treatment for benzodiazepine dependance or for the management 
of protracted benzodiazepine abstinence syndromes, as such use has not been studied. 
The administration of flumazen# can benzodiazepine withdrawal In animals and man. This has 
been seen in healthy volunteers treated with therapeutic doses of oral lorazepam for up to 2 weeks who exhib- 
ited effects such as hot flushes, agitation and tramor when treated with cumulative doses of up to 3 mg doses 


of flurnazerdl. 

Similar adverse encas Na SU ex tation of benzodiazepine withdrawal have oc- 
curred in some In clic tals. a shortived syndromes characterized by 

mid confusion, Din agaia CAAT Ene Gel VINER RADY and earn Gear 
tions. This response was d most common at doses above 1 required treatment othar 


Practitioners should assume that flumazanl! administration may dose-dependent withdrawal syn- 

dromes In with established dependence on bawodamphs a may complicate the man- 

agement of withdrawal syndrome for , barbiturates, and sedatives. 

DRUG INTERACTIONS: Interaction with central nervous system depressants other than benzodiazepines has 

not been specifically studied; however, no deleterious Interactions were sean when MAZICON was adminis- 
anesthetics, muscle relaxants and muscle relaxant antagonists administered 

In conjunction with sedation or 


anesthesia. 
Particular cautton Is necessary when using MAZICON In cases of mixed ede T ro 
fects (Such as convuisions and cardiac dysrhythmias) of other drugs taken peer o aeea br 
nt hfe may m with the reversal of tha benzodiazepine effect IL (Sea W 
seen eta of 


are unaltered in the presence 
pe IN AMBULATORY PATIENTS: The effects of MAZICON may wear off before a long-acting enue 
petaly Cleared from the body. in fa patient shows no es I ab 
{Omg dos of sent Einar alter iit berets peg diazepam 
p any ng- as 
Hea tie -acting benzodiazepines (such as >10 mg of midszotam) eter spam oe 


TION OF DOSAGE.) 

Bara oe en tava ans 1 patents wno haven tg Ines on a reg- 
ular basls, it is that physicians raidry caret liv about banaani, and seda- 
tive use as pall aea Saga A (Ses DRUG 


AND ALCO 

ern le taper siotend Mee cheno eat 
remem 

of grater erode dhe ead gan oa T famiy member Physicians are ached fo d 


with thelr patients, both before fel arta he line ol 
discharge, the effects of the pen 


uld be Instructed, preter- 
In writing, at memory a may be impaired and advise: 
hel ea tas 18 equ complete linea, ann operate hazardous machinary or a 
bead Let 18 to 24 after discharge, and it ls certaln no residual sedative effects of the 
2. Not to aona or coe irode orisi adoun ain Timan cia tran Oa TN 
effects of the benzodiazepine persist 


LABORATORY TESTS: No specific laboratory tests are recommended to follow the patient's responee or to 
Kdentify possible adverse reactions. 
DRUG/LABORATORY TEST INTERACTIONS: The possibte Interaction of flummazend with commonty used labo- 
tests has not been evaluated. 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: X SCORN Mo shudes ae 
evaluate th carcanopenic noe of ftumazand! have bean conducted. 
for mutagenicity was noted In the Ames test using five different tester strains. 
D7 and In Chinese hamster cells were considered to be naga- 


tive as were blastogenesis in vitro in peripheral human lymphocytes and 47 vivo In a mouse micronu- 
ceus FAumazenli a slight Increase In unscheduled DNA synthests in rat hapatocyts cutture at 
Sorcantiaiiine Which Ware ales IUO no increase in DNA repair was observed In male mouse germ cells 


n ani vo DONA ropal assay 
Impalrrrent cf Te A reproduction edy naand female rate did not show of fertifty at 
oral dos pA de orf From ths avaiable data on the area under the curve (AUC) In animals and 

x the human exposure from a madmum recommended httravancus dose of 5 


eee 
pran m wana Rumazenil should be used during pregnancy only If the potential benefit Justifies the poten- 
Teratogente Effects: Aumazenli has bean studied for teratogenicity in rats and rabbits following oral treat- 
Te or p 1O oe The treatments durl the olay arreniicnnesis ward 0n Gave B10 15 ol pe 
tation in the rat and days 6 to 18 of gestatton in the VO toate Sec ere POROVES [ITA S OT TD 
bits at 150 mg/kg; the dose, based on the avaiable data on the area under the plasma concantration-time 
curve (AUC) represented 420 x to 600 x the human exposure from a maximum recommended intravenous 
sai In humane, In abs, embryonal ese as evidenced by Increased preimplantation and 
losses) were observed at 50 mg/kg or 200 x the human exposure from a madmum recom- 
dnd rene dos 015 ma The no-sffact dose of 15 mg/kg In rabbits represants 60 x the human ex- 


sponsa. No Tere E ware AR the er does 
Pye eee iene Sosire Irom mi te sic 
recommended Mave OW Bre 


represents 24 x the human exposure from an 


Ce NNEC coche Ses 
LABOR AND DELIVERY. use of MAZICON to reversa the effects of benzodiazepines used during labor and 
delivery Is not recommended because tha effects of the drug in the newbom are unknown. 
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SGT] OEE Ce 
woman because It is not known whether flumazend Is excreted | 
Ee Oe Ges Mor I revere of sedation; ie 
management of overdose or the resuscitation of the mevbom), as no cilnical studies have besn performed to 
dstermins the risks, benefits and dosages to be used 
GERIATRIC USE: The pharmacokinatios of furan have been studied inthe ekery and are not significantly 
diferent from younger pattents. einer pane tang lg ha march Halli age o G5 ana Dne Stidy In 
patients over UM sedation should be 
reduced, ordinary doses of GON may be used for reversal. 
A a Ricca ee ene 

a varlely of clinical settings. The majority of deaths occurred In patients sche 
ESRA CE a ce eee ee (usualy Crean antige : 


) as part of an overdose. 
ara e adverse avents have occurred In all clinical sattings, and convulsions are the most common sartous 
adverse event reported. MAZICON administration has bean associated with the onset of convulsions In 
tients who are retying on benzodiazepine effects to control seizures, are dependent on benzo 
azeplnes, or who ingested large doses of other drugs. (See WARNI 
Two of the 446 patients who received. MAZICON In controbes clinical tia for the management of a benzod- 
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MAZICON administration alone and for the 
studies Involving 1875 


(sweating, flushing, hot flushes) 
DIGESTIVE SYSTEM Na Nausea ani crea (11%) 


SEED pone om a n abt bity eni (crying mle balbal ii iA 


piora eee dysp 
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All adverse reactions occurred in 1% to 3% of cases unisss otherwise marked. 
dean ue er a har 
parce 
The following adverse averts ware observed infrequently (less than 1%) in the cllnical studies, but ware 


] rotated to MAZICON administration and/or reversal of banzodlazepine effects: 
WERVOUS SYSTEME Cottisien (dffoutty concantvating delirium), Convulsions (soe WARNINGS), 


aioe SPECIAL SENSES Abnormal Hearing NE Taria hearing Impairment, hyperacusis, tinnitus). 


adverse events occurred with frequencies less than 1% in the cllnical trials. relationship to 
MAZICON ib pe lel E al Ie eee 
Parr ipa a tel 


ASCULAR: Arrhythmia (atl, nodal, ventricular extrasystoles), bradycardia, tachycardia, hyperten- 


ST cay 
disorder (dysp 


SYSTEA Speach hania. TEs ongl, 
Not nuded in this ist ie onerati sin pats eat same frequency in patients receiving 
placebo as In patients recetving flumazend for reversal of sedation following a surgical procedure. 
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Is not a controled substance. 

OVERDOSAGE: Itravenous doses of MAZICON, when administered to haeithy normal volunteers In the 

absance of a lazepins agonist, produced no serious adverse severe signs or symptoms, or 

clinically laboratory test abnormalities. In clinical studias, most rse reactions to flumazentl 

were an Sian bl the AELA effects ol edn Nera benzodiazepine effects. 

Reversal with an excessively high dose of MAZICON may produce ; increased muscle tona, 
and ly convulsions. Corvuisions have besn treated banzodia7epanes 


and phenytoin, generally with prompt resolution of the seizures. (See WARNINGS.) 

DOSE AND ADMONISTRATION: MAZICON Is recommended for Intravenous use only. It Is compatible with 5% 
dextrose in water, lactated Ringer's and normal salns solutions. if MAZICON Is drawn Into a or mbæd 
uld be discarded after 24 hours. ears , MAZI should re- 


for conscious sedation or general anesthesia, the recommended Initial dose 
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total doga of 1 mg (10 mL). fab chad era re S EE ASUTE 
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“thie to male pablo adverse ot. (So INDNIOUALZATION DOSAGE.) 

ATIGON i 02 Tea (TnL) autre 


benzodiazepine yet ed ep ead etre 
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Ha patient has not responded five minutes after recelving a curmutative dose of ee ee 
o alr ALL Seeder cele na E Is likey to have no effect. 
Ln the event of resadation, given at Inute Intervals F needed. For repeat treat- 
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Serum and Urinary Inorganic Fluoride Concentrations After 
Prolonged Inhalation of Sevoflurane in Humans 


Yoshiro Kobayashi, MD, Ryoichi Ochiai, MD, Junzo Takeda, MD, Hiromasa Sekiguchi, MD, 


and Kazuaki Fukushima, MD 


Department of Anesthesiology, School of Medicine, Keio University, Tokyo, Japan 


Serum and urinary concentrations of inorganic fluo- 
ride were measured before and after sevoflurane 
anesthesia in 10 patients without renal disease, 
who were scheduled for surgery lasting 13.4 + 0.9h 
(mean + sk). The mean concentration of serum 
inorganic fluoride reached a maximal value of 42.5 + 
4.5 pmol/L at the end of anesthesia. However, 5 of 10 
patients had serum inorganic fluoride concentrations 
that exceeded 50 pmol/L (i.e., the nephrotoxic dose). 
A positive correlation was found between serum 


(trifluoromethyl)-ethyl ether) produces inor- 

ganic fluoride that could be responsible for 
nephrotoxicity (1,2). Several studies (3-6) have 
shown that when given for a short period of time, 
sevoflurane has minimal effects on renal function, 
and inorganic fluoride concentrations are less than 
those observed after anesthesia with other haloge- 
nated inhaled anesthetics (7-9). However, the effect 
of long-term exposure to sevoflurane is still to be 
clarified. 

In this study we investigated the serial changes in 
serum concentration and urinary excretion of inor- 
ganic fluoride after prolonged inhalation of sevoflu- 
rane in humans. 


l yiduorom (fluoromethy] 2,2,2-trifluoro-1- 


Methods 


Ten adult patients (9 men and 1 woman; age, 
46-65 yr; height, 159.5 + 1.5 cm; body weight, 55.5 + 
3.3 kg; mean + sg) without hepatic and renal disease, 
with ASA physical status I or H, and scheduled for 
lengthy surgery (13.4 + 0.9 h) were involved in the 
present study (Table 1). Patients with a drug history 
associated with enzyme induction were excluded 
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inorganic fluoride concentration and anesthetic dose. 
The largest urinary excretion of inorganic fluoride 
was 1804 + 378 uwmol/day in the first postoperative 
day and rapidly decreased thereafter. We concluded 
that lengthy sevoflurane anesthesia created serum 
inorganic fluoride concentrations that could influence 
renal function, although nephrotoxicity was not dem- 
onstrated in our biochemical study. 

(Anesth Analg 1992;74:753-7) 


from the study. This study was approved by the 
ethical committee of the hospital, and informed con- 
sent was obtained from each patient. 

Atropine (0.5 mg) and hydroxyzine (50 mg) were 
given intramuscularly 30 min before the induction of 
anesthesia. A radial arterial catheter was inserted to 
monitor arterial blood pressure and to obtain blood 
samples for analysis of arterial blood gases and for 
the measurement of serum inorganic fluoride concen- 
trations. An intraurethral catheter was inserted to 
determine urinary output and inorganic fluoride in 
the urine. 

After induction of anesthesia with thiopental 
(4 mg/kg, IV) and endotracheal intubation facilitated 
by vecuronium (0.2 mg/kg, IV), a mixture of 1.0%- 
4.0% sevoflurane and 66% nitrous oxide in oxygen 
was inhaled at a total gas flow of 6 L/min. A semi- 
closed circle system with soda lime canister was used 
for carbon dioxide absorption. Sevoflurane was de- 
livered through a sevoflurane vaporizer (Acoma, Ja- 
pan) that was calibrated by gas chromatography 
preoperatively. Ventilation was controlled to main- 
tain normal Pao, and Paco, levels. Routine monitor- 
ing was performed and recorded throughout anes- 
thesia. Bladder temperature was monitored and 
maintained at 35.2-37.8°C using a warming blanket. 
At the end of operation, sevoflurane and nitrous 
oxide were discontinued simultaneously. 

Serum inorganic fluoride concentrations were de- 
termined before the induction of anesthesia, every 
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INORGANIC FLUORIDE AFTER LENGTHY SEVOFLURANE ANESTHESIA 


Table 1. Patients’ Demographic Data 


No. %-Hours Diagnosis Postoperative diuretics 

1 16.2 Esophageal cancer Furosemide 

2 18.0 Brain tumor Mannitol 

3 12.0 Esophageal cancer Furosemide, acetazolamide 

4 18.6 Esophageal cancer Furosemide 

5 21.1 Esophageal cancer Acetazolamide 

6 39.7 Gingival cancer 

7 32.4 Esophageal cancer 

8 17.3 Esophageal cancer 

9 19.7 Esophageal cancer Furosemide, acetazolamide 
10 35.5 Esophageal cancer Furosemide, acetazolamide 


%-Hours, anesthetic dosage defined as the integration of sevoflurane 
concentration over time of inhalation. 


6 h during anesthesia, and 0, 2, 4, 6, 24, 48, 72, 96, 
144, 240, and 336 h after anesthesia. Urinary inor- 
ganic fluoride: concentrations and excretion rates 
were measured before anesthesia and 0, 2, 4, 6, 24, 
48, 72, and 96 h after anesthesia. 

Inorganic fluoride ions in serum and urine were 
measured by using an ion-specific fluoride electrode 
No. 96-09 and Ionalyzer No. 901 (Orion Research, 
Boston, Mass.). Urinary excretion rate was calculated 
as the product of urine volume and the concentration 
of inorganic fluoride. The excretion half-life (T,,.) was 
also calculated from these data. Anesthetic dosage 
was defined as the integration of sevoflurane concen- 
tration over time of inhalation (i.e., %-hours). The 
dose-response curve for serum inorganic fluoride was 
computed showing preoperative to intraoperative 
differences for each patient against log anesthetic 
dosage (%-hours). Differences were calculated for all 
measurements every 6 h during anesthesia. 

Perioperative laboratory tests included the following: 
determination of serum sodium, potassium, urea nitro- 
gen, creatinine, and uric acid, and measurement of 24-h 
urine volume. Values for at least three postoperative 
days were obtained for each patient. Dose-response 
curves were computed showing preoperative to post- 
operative differences for each patient against log anes- 
thetic dosage (%-hours). Differences were calculated for 
each variable at the period of peak response; this was 
defined as the 48-h period after peak serum inorganic 
fluoride concentration occurred. 

Data are presented as mean + Sz, and statistical 
analysis was performed by using paired Student’s 
t-test and F-test. A probability of less than 5% was 
considered as statistically significant. 


Results 


Sevoflurane was inhaled for 13.4 + 0.9 h (10-19 h), 
and the anesthetic dosage was 23.1 + 3.0 %-hours. 
Arterial blood: pressuré and heart rate were main- 
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Table 2. Preoperative and Postoperative Serum Values 
and 24-Hour Urine Volume 


Preoperative Postoperative 
Na* (mEq/L) 140.6 + 0.7 137.0 + 0.9% 
K* (mEq/L) 4.3 + 0.2 4.1 + 0.2 
Urea nitrogen (mg/dL) 15.6 + 1.7 12.8 + 1.2 
Creatinine (mg/dL) 1.0 + 0.1 1.0+ 0.1 
Uric acid (mg/dL) 5.5 + 0.8 4.6 + 0.8 
Urine volume (L/day) 1.53 + 0.08 2.84 + 0.22" 


Data are presented as mean + SẸ. 
“P < 0.05 compared with preoperative values. 


tained as defined throughout anesthesia. No arrhyth- 
mia was observed throughout anesthesia. Postoper- 
ative laboratory findings showed no abnormality, 
although serum sodium decreased postoperatively 
(Table 2), and changes in each variable except for 
urine volume were not dose-related (Figure 1). There 
was a significant increase in urine volume, which was 
negatively proportional to the log dosage of sevoflu- 
rane (Table 2, Figure 1). 

The serum concentration of inorganic fluoride in- 
creased rapidly and significantly from a preoperative 
value of 3.4 + 0.2 to 38.0 + 3.8 pmol/L 6 h after 
inhalation of sevoflurane (Figure 2). The largest mean 
concentration of serum inorganic fluoride was 42.5 + 
4.5 pmol/L at the end of anesthesia. However, 5 of 
the 10 patients had serum inorganic fluoride concen- 
trations that were larger than 50 mol/L {i.e., neph- 
rotoxic threshold) (1) and exceeded 40 uwmol/L for 6h. 
These concentrations declined to almost half the 
maximum level within 48 h after cessation of anes- 
thesia. There was a linear correlation (r = 0.41, P < 
0.05) between the log dosage of sevoflurane and the 
serum concentration of inorganic fluoride (Figure 3). 

Urinary inorganic fluoride concentrations varied 
widely from 52 to 2368 umol/L during inhalation of 
sevoflurane and in the first 24 h after anesthesia (Table 
3). The highest concentration was observed during the 
first 24 h of the postoperative period in all patients. 

The urinary excretion of inorganic fluoride was larg- 
est (1804 + 378 umol/day) during the first postoperative 
day, and it decreased rapidly thereafter (Figure 4). The 
urinary excretion rate of inorganic fluoride was 34.5 + 
9.3 nmol/min before anesthesia, and reached a maxi- 
mum value of 1676.8 + 614.2 nmol/min at 2 h after 
cessation of anesthesia (Table 4). The excretion half-life 
of urinary inorganic fluoride was 3462 min (57.7 h), 
which was calculated from the slope of the regression 


lines (Figure 5). 


Discussion 


As there had been no clinical study showing the 
effects of lengthy sevoflurane anesthesia, the aim of 
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Figure 1. Dose-response curves for postoperative changes (A) in serum variables and 24-h urine volume. Values are plotted against 
anesthetic dosage (%-hours; defined as the integration of sevoflurane concentration over time of inhalation). 
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Figure 2. Serum concentration of inorganic fluoride after inhala- 
tion of sevoflurane. Shadowed area represents the inhalation period. 
Data are presented as mean + SE. 


this study was to evaluate serum and urinary inor- 
ganic fluoride concentrations after prolonged inhala- 
tion of sevoflurane in humans. 

Experience with methoxyflurane (10,11) anesthesia 
indicates that induced nephrotoxicity, which initially 


4 Serum Inorganic Fluoride (umol/L) 





| 10 100 


Sevoflurane (%-hours) 


Figure 3. Relationship between A serum inorganic fluoride and 
%-hours during anesthesia. A serum inorganic fluoride is the 
difference between preoperative and intraoperative values. For 
comparison, data (X) from a previous clinical study (Reference 13) 
in which patients received a 1-h inhalation of 1.88% sevoflurane 
are presented. 


manifests as inability to concentrate urine, is gener- 
ally associated with peak serum inorganic fluoride 
concentrations exceeding 50 wmol/L (1,12). A previ- 
ous report on sevoflurane revealed peak serum inor- 
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Table 3. Urinary Concentrations of Inorganic Fluoride 








Time Concentration 
(h) (umol/L) 
Before anesthesia BIET? 
During anesthesia 509:5: Æ 161.2 
After anesthesia 
0 504.3 + 146.3 
2 667.4 + 170.0 
4 680.9 + 145.5 
6 740.5 + 164.1 
24 944.9 + 221.9 
48 263.7 + 51.8 
72 324.8 + 120.0 
96 192.6 + 68.3 


Data are presented as mean + SE. 
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Figure 4. Urinary excretion of inorganic fluoride after inhalation of 
sevoflurane. Data are presented as mean + se. POD, postoperative 
day. 


Table 4. Urinary Excretion Rates of Inorganic Fluoride 


Time Excretion rate 


(h) (nmol/min) 


34.5 + 9.3 
1240.8 + 368.5 


Before anesthesia 
During anesthesia 
After anesthesia 


0 1160.9 + 190.6 
2 1676.8 + 614.2 
+ 1527.5 + 494.1 
6 1104.3 + 241.6 
24 1042.0 + 399.2 
48 592.1 =. 1513 
72 455.4 + 107.5 


96 452.6 + 107.8 


Data are presented as mean + SE. 


ganic fluoride concentrations of 19.3 mol/L after a 
l-h inhalation of 1.88% sevoflurane (13) (Figure 3), 
and other studies (3-6) have also shown that when 
given for a short period of time, sevoflurane has 
minimal effect on renal function, and serum inorganic 
fluoride concentrations are less than the nephrotoxic 
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Figure 5. Urinary excretion rates of inorganic fluoride after cessa- 
tion of sevoflurane are plotted. 


dose. In the present study, however, 5 of 10 patients 
showed peak serum inorganic fluoride concentra- 
tions of more than 50 mol/L. The lengthy anesthesia 
(13.4 + 0.9 h) creates peak serum inorganic fluoride 
levels that could influence renal function. 

The peak urinary excretion of inorganic fluoride was 
1804 + 378 umol/day, which was six times larger than 
the previously reported value (14) after a 1-h inhalation 
of 0.6% sevoflurane. Longer anesthesia produces a 
larger urinary excretion of inorganic fluoride. 

Serum inorganic fluoride concentrations were re- 
ported to exceed 50 wmol/L for more than 3 days 
postoperatively after exposure to 2-3 MAC-hours of 
methoxyflurane (1,10). In the present study, however, 
the serum concentration declined to almost half the 
maximum level within 48 h after cessation of inhalation 
(23.1 + 3.0 %-hours, 13.5 + 1.7 MAC-hours). In spite of 
high peak inorganic fluoride concentrations, the in- 
crease in serum and urinary inorganic fluoride was only 
transient even after prolonged inhalation of sevoflu- 
rane. Sevoflurane should be less available for metabolic 
transformation after the cessation of inhalation because 
its lower blood-gas partition coefficient (15,16) facilitates 
rapid elimination from the lungs. Nephrotoxicity after 
methoxyflurane anesthesia, however, is related not 
only to the peak concentration of serum inorganic 
fluoride, but also to the duration of high serum fluoride 
concentrations (10,17). Nephrotoxicity after lengthy 
sevoflurane anesthesia is less likely than after methoxy- 
flurane anesthesia because of the rapid decrease in 
serum inorganic fluoride level with sevoflurane anes- 
thesia. 

The elimination half-life of inorganic fluoride ob- 
tained from 13.4 + 0.9 h of sevoflurane anesthesia in 
this study was 57.7 h, which was longer than the 
previously reported value of 43 h (5) calculated after 
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1 h of sevoflurane anesthesia. The elimination half- 
life of inorganic fluoride is more accurate with larger 
dosage as a result of longer anesthesia. 

Cousins and Mazze (1) reported that patients anes- 
thetized with methoxyflurane had dose-related in- 
creases in serum inorganic fluoride, urea nitrogen, 
sodium, uric acid, and osmolality. In the present study, 
we could not find such increases in concentrations of 
urea nitrogen, sodium, and uric acid. Although urine 
volume increased postoperatively, the increase was not 
positively dose-related. A possible reason for the in- 
crease in urine volume was that seven patients were 
given diuretics (Table 1). Such findings may suggest 
that, based on our biochemical data, sevoflurane anes- 
thesia is less likely to produce an adverse effect on renal 
function than methoxyflurane anesthesia. 

Sevoflurane is metabolized not only to inorganic 
fluoride but to organic fluoride (14). Davidkova et al. 
(14) reported that the serum concentration of organic 
fluoride in humans after a 1-h inhalation of 0.6%, 
sevoflurane was 10 times higher than that of inor- 
ganic fluoride, and a serum organic fluoride concen- 
tration exceeding 100 mol/L was maintained for 3 
days. Therefore, we speculate that the peak serum 
concentrations of organic fluoride in our study might 
exceed 100 pmol/L and might be maintained for more 
than 3 days, although we did not measure the values. 

The present results might be affected by such 
factors as soda lime, nitrous oxide, and enzyme 
induction. Degradation and absorption of sevoflu- 
rane by soda lime (15,18), which was used in our 
delivery system, has been reported. However, the 
possibility of both breathing breakdown products 
and absorbing sevoflurane by soda lime is minimized 
if the fresh gas flow is as high as 6 L/min in a 
semiclosed circuit (19). Although we did not measure 
the inspiratory concentration of sevoflurane because 
of the limitation of our equipment, we considered 
that soda lime had minimal influence on the differ- 
ence between the inhaled concentration of sevoflu- 
rane and the setting of a vaporizer, and that our 
delivery system might not stimulate the development 
of higher concentrations of inorganic fluoride. 

In the present study, patients inhaled a mixture of 
1.0%-4.0% sevoflurane and 66% nitrous oxide in 
oxygen. Nitrous oxide decreases the minimum alve- 
olar concentration of sevoflurane (20). The absence of 
nitrous oxide might increase the anesthetic dosage 
needed to maintain anesthesia and might result in 
considerably higher concentrations of inorganic fluo- 
ride that could influence renal function. 

It is still unknown whether enzyme induction 
increases sevoflurane defluorination in humans. 
However, we excluded from the study patients with 
a drug history that was associated with enzyme 
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induction to eliminate its influence on the metabolic 
degradation of sevoflurane. 

The present study clearly demonstrated the signif- 
icantly higher concentrations of serum and urinary 
inorganic fluoride after exposure to lengthy sevoflu- 
rane anesthesia, which could influence renal func- 
tion; however, those increases were rapidly abolished 
most likely because of rapid excretion through the 
lungs and kidneys. Further clinical study is needed to 
elucidate whether sevoflurane and its metabolite are 
nephrotoxic in clinical anesthesia. 
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Depression of Calcium Channel Blocker Binding to Rat 
Brain Membranes by Halothane 
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The present study evaluates the action of volatile 
anesthetics on the voltage-dependent Ca** channels 
in isolated rat brain membranes, measured as 
changes in binding of the Ca** channel blocker 
[*H]isradipine to these membranes. Equilibrium 
binding studies with increasing concentrations of 
(PH]isradipine (0.01-1 nM) in the presence of 
halothane (1.9%), isoflurane (2.3%), and enflurane 
(4.8%) at 25°C were performed. Only halothane pro- 
duced a significant depression in the specific bind- 
ing of isradipine to the brain membranes at 0.5 and 
1.0 nM [PH]isradipine (P = 0.028 and 0.018, respec- 
tively). Isoflurane and enflurane had such inconsis- 
tent effects that the data were inconclusive. Halo- 


Ithough the precise sites of action of the 

volatile anesthetics within the central nervous 

system are unknown, synaptic transmission 
has been regarded as the likely primary site of action 
(1), and ion channels as the ultimate targets in nerve 
membranes (2). Modulation of Ca** ion gating 
through the voltage-dependent Ca** channels 
(VDCC) has been considered an important factor in 
the complex mechanism of general anesthesia (3-5). 
Ca** ions play major roles in various neural functions 
related to ariesthésia iticluding neurotransmitter re- 
lease (6), herve excitability, and as second messen- 
gers in intracellular biochemical and physiologic pro- 
cesses (7). 

The fact that structurally dissimilar anesthetics all 
produce general anesthesia suggests that they do not 
interact with a single specific receptor site (8). Volatile 
anesthetics may render a general decrease in neu- 
ronal excitability by depressing excitatory neurotrans- 
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thane produced 4a significant dose-dependent inhibi- 
tion of binding, the maximum inhibition being 44% 
(P < 0.005). Nonlinear regression analysis fit of the 
binding data indicates halothane produced a 48% 
decrease (P < 0.05) in the maximal number of binding 
sites (Baag With no effect on the dissociation constant 
(Ka). As voltage-dependent Ca** channels are impot- 
tant in mediating neurotransmission, the marked 
decrease in channel number (Bmax) associated with 
halothane exposure suggests that this phenomenon 
might be related to the mechanism of general anes- 
thesia. 

(Anesth Analg 1992;74:758-61) 


mission processes, enhancing inhibitory amino acid 
release, and/or inhibiting ion conductance (2,9,10). 

Several other general anesthetics such as benzodi- 
azepines, neuroleptics, and opibids appear to modu- 
late Ca** ion movement, as shown by alterations in 
dihydropyridine bindirig to neuronal Ca** charinels 
(11-13). Their effect is explained by their inhibitioh of 
the L-type VDCC, which are believed to be followed 
by reduced nerve excitability (14). 

It has recently been demonstrated that the dihy- 
dropyridine binding sites in cardiac muscle are de- 
creased by volatile anesthetic exposure (15,16). 
(H]Isradipine (isopropyl 4-(2,1,3-benzoxadiazol-4- 
yl)-1,4-dihydro-2,6-dimethyl-5-methoxycarbonylpyri- 
dine-3-carboxylate) is a stereospecific dihydropyri- 
dine Ca** channel blocker that binds with high 
affinity to the L-type VDCC (17). In the present 
study, we used the binding of [*Hl]isradipine to 
isolated rat brain membranes to examine the effect of 
the volatile anesthetics on the Ca** channels. Radio- 
ligand binding studies were performed on rat brain 
membranes in the presence of halothane, enflurane, 
and isoflurane, and compared to control (no anes- 
thetic). The changes in the number of bihding sites 
and binding affinity were analyzed. To further eluci- 
date the nature of the anesthetic effect, dose-response 
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studies were performed with four concentrations of 
halothane. 


Methods 


Brain membranes were isolated from cortices of male 
Sprague-Dawley rats (200-250 g) by the method of 
Magnoni et al. (18). Brainstem and cerebellum were 
excluded, as those areas are known to have low 
concentrations of dihydropyridine binding sites (19). 
After decapitation by guillotine, the brains were 
rapidly removed and the cortices were suspended for 
2-3 s in liquid nitrogen. The tissue was then trans- 
ferred to ice-cold 50 mM Tris HCI buffer (pH 7.5) and 
homogenized by a Brinkman Polytron (60% of full 
speed) in 20 times their valume of 0.32 M sucrose, 
50 mM Tris HCI (pH 7.5). The homogenate was 
filtered through double-layer cheesecloth and then 
centrifuged at 1000g for 10 min. The resulting super- 
natant was then centrifuged again at 48,000¢ for 
15 min. The pellet was washed twice in 50 mM Tris} 
resuspended, and then stored at —80°C. 

Protein concentration was determined by the 
Coomasie binding method using bovine serum albu- 
min as the standard (20). To evaluate the purity of the 
brain membrane preparation, oxalate-supported 
*Ca** uptake was performed in parallel with the 
[*H]isradipine (84 Ci/mmol; Amersham, Arlington 
Heights, Ill.) binding assay. [*H]Isradipine binds to 
the plasma membrane, whereas *Ca** uptake 
mainly occurs in the endoplasmic reticulum. Electron 
microscopy of the final preparation was performed to 
evaluate the relative concentration of the membranes 
compared with the outer cell constituents and outer 
myelin envelope. 

[PH]Isradipine binding assays were carried out in 
31 mL Teflon-sealed glass vials to maintain constant 
anesthetic concentrations. Brain membranes (80- 
100 ug) were added to 0.01-1 nM [*Hlisradipine in 
50 mM Tris HC] (pH 7.5) with a final volume of 1 mL, 
in the absence or presence of 500 nM unlabeled 
nitrendipine (Miles Laboratories, West Haven, 
Conn.), to define total and nonspecific binding. The 
unlabeled nitrendipine was prepared fresh before 
every experiment, dissolved in ethanol, and diluted 
in 50 mM Tris to a final ethanol concentration of 
1 uM. This ethanol concentration has no effect on the 
binding of the drugs to the membranes (15). Control 
values were compared tọ those obtained in the pres- 
ence of volatile anesthetics (in volume %): 1.9% 
halothane (thymol-free halothane; Halocarbon Labo- 
ratories, Hackensack, N.J.) and 2.3% isoflurane and 
4.8% enflurane (Anaquest, Inc., Madison, Wis.). An- 
esthetic was added in liquid form as previously 
described (21). 

The dose-response studies were performed with 
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1 nM [°Hlisradipine and increasing concentrations of 
halothane: 0.78, 1.33, 1/90, and 2.57 vol%. The sam- 
ples were incubated for|60 min at 25°C in the dark to 
minimize photochemical decomposition. Experi- 
ments were performed at 25°C as membrane degra- 
dation occurs more rapidly at 37°C. As the relative 
potencies of the volatile anesthetics at.25°C are un- 
certain (22), we used the same relative potencies in 
the present study as thase published for the rat at 
37°C. However, as the solubilities vary differently 
with temperature, the. relative potencies of halo- 
thane, enflurane, and isoflurane probably differ at 
25°C. The reaction was’ terminated when an 800-pL 
aliquot was added to a Whatman GF/B filter under 
vacuum and rinsed three times with 10 mL of 20 mM 
Tris buffer (pH 7.5, 4°C). The filters were counted in 
a Beckman L52800 scintillation counter (60% counting 
efficiency). All measurements were performed in 
triplicate. 

Specific binding was determined as the difference 

between the total and nonspecific binding. Nonspe- 
cific binding was measured by the displacement of 
[ H]isradipine by excess nitrendipine from its high 
affinity binding sites. The specific binding sites are 
those related to the VDCC, whereas nonspecific 
binding represents low affinity sites in the mem- 
brane. | . 
Nonlinear regression analysis of the binding equa- 
tion yields estimates of the maximal number of bind- 
ing sites (B,,,,) and the dissociation. constant (Ka) of 
["H]isradipine to the calcium channel (23). Statistical 
analysis of the equilibrium binding was performed 
using the paired ttest, in which the effect of each 
volatile anesthetic was compared to the control value 
for each concentration. The relative effect of the three 
volatile anesthetics: on. Bmax and Ky was compared 
using one-way analysis of variance. Significance was 
considered to be less than 0.05. Data are reported as 
mean + standard error of the mean.. 


Results | 


Equilibrium binding studies of [*Hl]isradipine to iso- 
lated cerebral membranes were found to be affected 
differently by the three volatile anesthetics. Halo- 
thane (n = 6) produced a significant depression in 
specific binding (Figure 1). At ["H]isradipine concen- 
trations of 0.5 and 1.0'nM, the mean depression in 
specific binding was 45% and 50% (P = 0.028 and 
0.018, respectively). At the lowest concentration of 
["H]isradipine (0.01 nM) no specific binding was 
found. 

Enflurane and isoflurane had inconsistent effects. 
Enflurane (n = 6) and isoflurane (n = 5) had no sta- 
tistically significant effect on [°Hl]isradipine binding. 

Dose-response studies performed in the presence 


760 DRENGER ET AL. 
HALOTHANE DEPRESSION OF BRAIN CALCIUM CHANNELS 


8 


HALOTHANE 


ENFLURANE 


ISOFLURANE 






[3H] ISRADIPINE 
SPECIFIC BINDING 
(fmol/mg) 


AANAAAAAAAARARARARRAARYN $l- 
INANAANANAARARARAAR 





ENAARAAAAAAAARS EE 
ANNANAAAAAAAAARAN 


sANAAARAAAAAN © 
O Bsus 


510 O10510 Oo1051. 
[3H] ISRADIPINE (nM) 


Figure 1. Depression of [*H]isradipine specific binding to rat brain 
membranes by the volatile anesthetics halothane (n = 6), enflurane 
(n = 6), and isoflurane (n = 5). The data are presented for 
[°H]isradipine concentrations of 0.1-1.0 nM. Experimental condi- 
tions are as described in Methods. All measurements were per- 
formed in triplicate. *P = 0.028. **P = 0.018. 
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Figure 2. Dose-dependent depression of 1 nM [*Hlisradipine spe- 
cific binding by increasing concentrations of halothane. Experi- 
mental conditions are as described in Methods. *P < 0.01. **P < 
0.005. 


of increasing concentrations of halothane (0.78%, 
1.33%, 1.90%, 2.57%) showed a dose-dependent de- 
pression of [*H]isradipine binding to the brain mem- 
branes (Figure 2). A 32% depression was observed at 
0.78% halothane (P < 0.01), and a maximal depres- 
sion of 44% was obtained in the presence of 2.57% 
halothane (P < 0.005). The inhibitory effect of 
halothane was purely on the specific binding and not 
on the nonspecific binding. 

Electron-microscopy evaluation of the brain mem- 
branes used in the present study revealed that the 
preparation is highly enriched in membrane vesicles 
with a small amount of mitochondria and other cell 
constituents. Pilot studies revealed that oxalate- 
supported *Ca** uptake, representing the activity of 
the calcium pump in the endoplasmic reticulum and 
indicating the degree of contamination of our prepa- 
ration, was practically absent. 

Table 1 summarizes the equilibrium binding data. 
The control binding data are in agreement with 
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Table 1. Binding Properties of [H*]Isradipine to 
Brain Membranes 








Control Halothane Enflurane Isoflurane 
n 17 6 6 5 
Bmax (fmol/mg)* 409 +77 188 + 32° 305+ 487 264 + 45% 
% Change” —48 -14 -25 
Ka (nM)* 0.24 + 0.05 0.25 + 0.1° 0.24 + 0.17 0.32 + 0.14 
% Change” +4 0 +33 





Bmax: Maximal number of binding sites; K4, dissociation constant. 
“Values expressed as mean + SEM. 

"Values expressed as % change from control. 

‘P < 0.05 compared with control values. 

“No significant difference from control. 


2.80 
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Figure 3. Demonstrative equilibrium binding curve of [*H]israd- 
ipine to rat brain membranes. Specific binding is plotted in the 
absence (open circle) and presence (filled circle) of 1.9% halothane. A 
Scatchard plot is shown in the inset. Experimental conditions are as 
described in Methods. 


values published in the literature (17) yielding a K, of 
0.24 + 0.05 nM and a Bmax of 353 + 43 fmol/mg. 
Halothane (1.9%) is associated with a 48% decrease in 
Bmax (P < 0.05) and no change in Ka. This effect is 
shown for one typical experiment in Figure 3. 
Halothane decreases binding over the entire [*H]isra- 
dipine concentration range, and, as shown in the 
Scatchard plot (inset), the curves remain essentially 
parallel, indicating no marked effect on Ką. The 
summary of data in Table 1 demonstrates no effect of 
either enflurane or isoflurane on either K, or B 


max’ 


Discussion 


The present study demonstrates that the dihydropyr- 
idine [H]isradipine binds with high affinity to crude 
rat brain membranes. The linear Scatchard plot (Fig- 
ure 3, inset) suggests the existence of a single class of 
binding sites that are associated with the L-type 
VDCC. The radioligand binding experiments in the 
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presence of halothane showed a clear depression of 
binding that was statistically significant even at 
0.78%, the lowest dose studied. This value is approx- 
imately 1 MAC at 37°C, but at 25°C, the temperature 
at which these experiments were performed, the 
MAC value is at least doubled. Despite the higher 
MAC value, a 30% decrease in binding at 0.78% 
halothane suggests that alteration of central nervous 
system Ca*t channels might be an important anes- 
thetic mechanism. 

The data with enflurane and isoflurane are inde- 
terminate at this time. No statistically significant 
effects were observed with these anesthetics in part 
because there was a great deal of scatter from sample 
to sample. This might be related to secondary effects 
of enflurane and isoflurane on the rat brain mem- 
branes such as aggregation of membranes. This type 
of phenomenon has been previously observed in 
crude cardiac membrane preparations (16). 

Previous studies examining the effects of the above 
three volatile anesthetics on the VDCC in glial cells 
showed halothane to have an inhibitory effect, 
whereas enflurane and isoflurane did not (24). Anes- 
thesia has been shown to modify VDCC-mediated 
mechanisms such as neurosecretion and acute toler- 
ance development (4,5,25). Kress et al. (5) reported 
that calcium influx through the VDCC and neurose- 
cretion in rat pheochromocytoma cells was decreased 
by halothane, enflurane, and isoflurane in a dose- 
dependent manner. Dolin and Little (4) reported that 
nitrendipine prevented development of acute toler- 
ance to nitrous oxide and even potentiated the effect 
of certain anesthetics, which include pentobarbital, 
midazolam, and ethanol (3). It has also been reported 
that verapamil, an L-type channel blocker of the 
phenylalkylamine class, can decrease the MAC of 
halothane (26), suggesting involvement of Ca** chan- 
nels in central nervous system activity sensitive to the 
volatile anesthetics. 

In conclusion, we have shown a depression in 
binding of the radiolabeled calcium channel blocker 
[*H]isradipine to brain membranes by halothane. 
Further studies on Ca** channels are needed to estab- 
lish their contribution to the mechanism of anesthesia. 
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Steroids induce resistance to neuromuscular blocking 
drugs. Betamethasone-induced resistance to vecuro- 
nium has been demonstrated in vitro, and a presyn- 
aptic site of interaction has been suggested. This 
study investigated whether atracurium is similarly 
affected. Rat phrenic nerve-hemidiaphragm prepara- 
tions were bathed in a physiologic solution, and 
one-half were exposed to betamethasone (1 mol/L). 
Dose responses were recorded for atracurium (8- 
13 umol/L) and vecuronium (2-12 umol/L) for control 
and betamethasone-treated preparations. In compar- 
ison to control, the betamethasone groups had signif- 
icantly less depression of muscle contraction force at 
all concentrations of atracurium (P = 0.0004) and 
vecuronium (P = 0.002). The calculated ED=, (50% 


teroids have a facilitatory effect on neuromus- 

cular function; steroid-induced resistance to 

competitive nondepolarizing neuromuscular 
blockade has been reported (1-3). Recently we de- 
scribed two neurosurgical patients pretreated with 
betamethasone who had an apparent resistance to 
the effects of vecuronium and, in a subsequent re- 
view of anesthesia case records, it was found that 
patients pretreated with betamethasone required, on 
average, 75% more vecuronium than patients not 
pretreated (4). An interaction between betametha- 
sone and vecuronium has since been demonstrated in 
vitro using rat phrenic nerve-hemidiaphragm prepa- 
rations. One mechanism likely for this interaction is 
facilitated acetylcholine release owing to the effect of 
betamethasone on the presynaptic motor nerve ter- 
minal (5). 
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depression of muscle contraction force, expressed as 
mean + SEM) for atracurium was 8.83 + 0.62 uwmol/L 
for controls and 11.19 + 0.54 uwmol/L for betametha- 
sone-treated preparations. The calculated ED;, for 
vecuronium was 4.72 + 0.41 umol/L for controls and 
6.84 = 0.66 umol/L for betamethasone-treated prep- 
arations. Betamethasone therefore increased the ED;, 
for atracurium by 27% and vecuronium by 45%; 
however, the magnitudes of these differences were 
not significant (P = 0.74) between the neuromuscular 
blocking agents. These results indicate that be- 
tamethasone-induced resistance to nondepolarizing 
neuromuscular blockade affects both atracurium and 
vecuronium to similar degrees in vitro. 

(Anesth Analg 1992;74:762-5) 


Vecuronium- and atracurium-induced neuromus- 
cular blockades could occur through different recep- 
tor sites; vecuronium has been suggested to act 
predominantly at presynaptic receptor sites (6,7), 
whereas atracurium has been suggested to act prin- 
cipally at postsynaptic receptor sites (8). In view of a 
possible presynaptic facilitatory effect of steroids on 
neuromuscular transmission, atracurium neuromus- 
cular blockade may be less affected by betamethasone 
than vecuronium neuromuscular blockade. The aim 
of this study was to compare the effect of betametha- 
sone on neuromuscular blockade with either vecuro- 
nium or atracurium using the in vitro rat hemidia- 
phragm preparation. 


Methods 


This study was approved by our Animal Ethics Com- 
mittee. Male Dark Agouti rats (8-10 wk) weighing 
150-200 g were killed by cervical dislocation. The 
right and left hemidiaphragms with accompanying 
phrenic nerves were dissected out, placed horizon- 
tally in individual organ baths (Res-Del Group, Well- 
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ington, New Zealand), and independently perfused 
at 2 mL/min with a physiologic solution (RS-1 Mam- 
malian Solution, ICP, Auckland, New Zealand) aer- 
ated with 5% CO, and 95% O, (9). The solute 
composition and concentration of the physiologic 
solution (in mmol/L) was Na* 136.0, Cl” 118.0, K* 
5.0, Ca** 1.2, Mg** 0.45, HCO,” 25.0, N,N-bis [2- 
hydroxyethyl]-2-aminoethanesulfonic acid (BES) 5.0, 
D-glucose 10.0, glycerol 0.11, L-aspartate 0.02, L-glu- 
tamate 0.30, L-glutamine 0.40, pL-carnitine 0.05, 
choline 0.01, cocarboxylase (TPP) 0.043, and insulin 
(porcine) 25 mIU/L. 

The temperature of the perfusate was maintained 
at 34.5 + 0.5°C using a Res-Del Temperature Control 
Unit, and the muscle was stretched to a basal preload 
tension of 4.0 g. Each preparation was attached to an 
isometric force transducer with a steel hook inserted 
through the central tendon of the hemidiaphragm. 
Preparations were stimulated indirectly using suction 
electrodes attached to the phrenic nerve, with con- 
tinuous biphasic double square-wave pulses (12-ms 
pulse interval) at supramaximal voltages of 0.1-ms 
duration at 0.2 Hz using a direct current neurophys- 
iologic stimulator of our own design. Direct stimula- 
tion (supramaximal monophasic pulses at 5 Hz) of short 
duration (30 s) using steel needle electrodes was also 
performed to examine any local action of betametha- 
sone or vecuronium on the muscle or deterioration of 
the preparations. Contractions were recorded isometri- 
cally and displayed on a pen chart recorder. 

At least 30 min was allowed to achieve ionic and 
metabolic equilibration of the isolated preparations 
and a steady state of muscle contractility. Muscle 
contraction (twitch) force to indirect and direct stim- 
ulation of preparations in the absence of steroid or 
muscle relaxant was measured and recorded. One of 
the hemidiaphragm preparations from each rat was 
exposed to 1 mol/L betamethasone (Glaxo, Palmer- 
ston North, New Zealand) for the duration of the 
investigation. Equal numbers of left and right hemi- 
diaphragms were treated with betamethasone. Con- 
trol and betamethasone-treated preparations were 
exposed in increasing concentration to vecuronium 
(2, 4, 6, 8, 10, and 12 umol/L) or atracurium (8, 9, 10, 
11, 12, and 13 pmol/L). Muscle relaxants were admin- 
istered directly to the perfusion baths (of known 
volume) using precision microliter syringes. Stock 
solutions were prepared from the commercially avail- 
able preparations (vecuronium: Organon Teknika, 
Sydney, Australia; atracurium: Wellcome, Becken- 
ham, United Kingdom) and stored at 4°C before and 
during the experiments. Muscle contraction force was 
continuously recorded. The depression of muscle 
contraction force was calculated as the percentage of 
the indirectly evoked contraction 20 min after admin- 
istration of the muscle relaxant to the predose indi- 


cer ROBINSON ETAL. 76: 
BETAMETHASONE, ATRACURIUM, AND VECURONIUM 


rectly evoked contractions. Relaxant-free perfusate 
was used to wash the preparations between doses tc 
obtain indirectly evoked muscle contractions withir 
1.0 g of the baseline. The muscle was stretched to z 
basal preload tension of 4.0 g before exposure tc 
subsequent doses of muscle relaxant. 

To ensure that preparations had not deterioratec 
during the experimental period, data were not in 
cluded in the analysis if the response to direct stim 
ulation had decreased by more than 2.0 g at the enc 
of the experiment. 

Data from the four groups were compared using 
analysis of covariance, with the dose of relaxant a: 
the covariate and terms for control or betamethasone 
groups, atracurium or vecuronium, an interactior 
term, and a term for the individual rat within atracu: 
rium and vecuronium groups. Tests for differences ir 
slopes were made by testing dose interaction terms ir 
the model. Dose-response relationships were calcu- 
lated from responses that were less than 100% anc 
greater than 0% of the initial twitch height. The 
standard errors for the EDs were calculated from the 
EDs, of the individual hemidiaphragm preparation. 


Results 


Data were obtained from 32 hemidiaphragm prepa: 
rations from 16 rats (paired preparations of vecuro: 
nium/control and vecuronium/betamethasone; pairec 
preparations of atracurium/control and atracurium 
betamethasone; eight hemidiaphragm preparations 
in each group). The baseline muscle contractior 
forces (mean + SEM) for atracurium/control and foi 
atracurium/betamethasone-treated preparations were 
25.4 + 5.6 g and 22.6 + 6.4 g, respectively. The 
baseline muscle contraction forces for vecuronium. 
control and for vecuronium/betamethasone-treatec 
preparations were 24.1 + 4.9 g and 23.1 + 6.9 g, 
respectively. There were no changes of the direct o1 
indirect muscle contraction forces after administra. 
tion of betamethasone. The calculated EDs, for vecu- 
ronium was 4.72 + 0.41 mol/L for controls and 6,84 
+ 0.66 pmol/L for betamethasone-treated prepara- 
tions. The dose-response relationships and raw date 
are shown in Figure 1 and Table 1, respectively. The 
slopes of the dose-response lines in control and be 
tamethasone-treated preparations were not signifi- 
cantly different for vecuronium (P = 0.09) or for atra 
curium (P = 0.67). When common slopes were fitted, ir 
comparison to control, the betamethasone groups hac 
significantly less depression of muscle contraction force 
at all concentrations of atracurium (P = 0.0004) and 
vecuronium (P = 0.002). The calculated EDs) (50% 
depression of muscle contraction force, expressed as 
mean + SEM) for atracurium was 8.83 + 0.62 pmol/L for 
controls and 11.19 + 0.54 umol/L for betamethasone- 
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Figure 1. Dose-response relationships for atracurium control 
(closed circles), atracurium betamethasone-pretreated (open circles), 
vecuronium control (closed squares), and vecuronium betametha- 
sone-pretreated (open squares) preparations. Data are shown as 
mean + sEM with related dose-response curves. 


Table 1. Atracurium and Vecuronium Dose-Response 
Data for Control and Betamethasone-Treated Preparations? 


Control Betamethasone 
Muscle Concentration % % 
relaxant (mol/L) n Response n Response 
Atracurium 8 8 62.5468 7 79.1+46.3 
9 8 475+53 7 66.3+5.1 
10 7 35.6 + 8.0 8 55.9 + 9.0 
11 7 29.0+ 7.3 7 55.0 + 7.3 
12 5 27.6+9.4 6 38.8+6.5 
13 2 154115 5 310262 
Vecuronium 2 8 8532+35 6 95.7+0.3 
4 8&8 63.0498 8 81053 
6 8 35.0 + 9.1 8 60.5 + 6.4 
8 2 20.0 + 6.0 8 38.8 + 8.4 
10 1 8.0 3 23.3 + 11.1 
12 0 — 2 -2i5-323.5 


“Values are mean + sem. Responses are expressed as the percentage of 
the muscle contraction 20 min after administration of the muscle relaxant 
compared to the muscle contraction before each dose. 


treated preparations. The calculated ED; for vecuro- 
nium was 4.72 + 0.41 umol/L for controls and 6.84 + 
0.66 umol/L for betamethasone-treated preparations. 
Betamethasone therefore increased the ED.) for atracu- 
rium by 27% and vecuronium by 45%; however, the 
magnitude of these differences was not significant 
(P = 0.74) between vecuronium and atracurium. 


Discussion 


Several case reports suggest that an interaction be- 
tween corticosteroids and the neuromuscular junc- 
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tion may have clinical implications. Resistance to 
pancuronium and vecuronium given in association 
with steroid therapy has been reported in several 
cases, and this may be indicated by unexpected 
patient movement (1-4). Animal studies have dem- 
onstrated resistance to the effects of d-tubocurarine in 
the presence of prednisolone, dexamethasone, be- 
tamethasone, and triamcinolone (10-14). Recently we 
demonstrated that the reduction in twitch tension, 
caused by vecuronium, is considerably attenuated in 
the presence of 1 zmol/L betamethasone (5). Previous 
experimental evidence suggests that facilitatory ac- 
tions of corticosteroids at the presynaptic terminal of 
the neuromuscular junction reduce competitive neu- 
romuscular blockade as a consequence of steroid- 
enhanced acetylcholine synthesis and release (15-21). 

There is now considerable evidence suggesting 
that the significant mode of action of many clinically 
used nondepolarizing neuromuscular blocking drugs 
is due to binding at presynaptic receptors (22,23). A 
presynaptic cholinergic receptor binding interaction 
between steroids and neuromuscular blocking agents 
that have steroid-derived molecular structures (e.¢., 
pancuronium, vecuronium) is one possible explana- 
tion for the apparent resistance to neuromuscular 
blockade (4,5). It would therefore be of clinical inter- 
est to know if a similar interaction would occur 
between steroids and nondepolarizing neuromuscu- 
lar blocking agents that act postsynaptically or that do 
not have steroid-derived molecular structures. Atra- 
curium could be one such drug; it has a chemical 
structure dissimilar to steroid molecular structures 
(i.e., betamethasone and vecuronium) and electro- 
physiologic investigations have suggested that atra- 
curium acts primarily by postjunctional receptor 
blockade (8). In addition, synergy of vecuronium and 
atracurium used in combination has been reported; 
this has been suggested to indicate that vecuronium 
and atracurium act at different receptor sites that may 
be predominantly presynaptic and postsynaptic, re- 
spectively (24,25). 

The investigations reported here indicate that, in 
vitro, atracurium neuromuscular blockade can be 
antagonized by betamethasone and the magnitude of 
this antagonism (i.e., the increase in the ED.,) is not 
statistically different from the magnitude of be- 
tamethasone-induced antagonism of vecuronium 
neuromuscular blockade. The similarity of the effect 
of betamethasone on atracurium and vecuronium 
neuromuscular blockades may also support the view 
that both atracurium and vecuronium act presynap- 
tically (22). This suggests that, clinically, atracurium 
may not provide greater protection than vecuronium 
from betamethasone antagonism of neuromuscular 
blockade. 
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CASE REPORTS 


Heart Block During Abdominal Surgery in a Child 


Richard W. Rowe, MD, and Gregory S. Garbin, MD 
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e report a case of second- and third-degree 

heart block during abdominal surgery in a 

pediatric patient. Sinus bradycardia and 
cardiac arrest have been observed during numerous 
pediatric surgical procedures, including strabismus 
repair, laryngoscopy, and neurosurgery (1-3). How- 
ever, whereas these reports have shown slowing of 
the sinus node, there have been no reports of second- 
and third-degree heart block. 


Case Report 


The patient was a 14kg, 2-yr-old boy with a 1-mo 
history of Wilms’ tumor. He was a full-term product 
of a normal gestation, and his growth and develop- 
ment were normal for his age. He had had no prior 
operations. Except for exposure to varicella 6 days 
before admission, the past medical history was not 
significant. There was no history of cardiac disease, 
arrhythmias, or cyanosis. On the day of surgery the 
patient was taken to the preoperative holding area, 
where he was given 10 mg of midazolam orally. After 
10 min, he was taken into the operating room, where 
he underwent a smooth inhalation induction of an- 
esthesia with oxygen, nitrous oxide, and halothane. 
Standard monitors, including electrocardiogram, 
Dinamap, esophageal stethoscope, peripheral nerve 
stimulator, temperature monitor, pulse oximeter 
(Nellcor), and end-tidal capnography (SARA), were 
used during the case. After 0.2 mg/kg of vecuronium 
IV and 3.5 ug/kg of fentanyl IV were administered, 
the trachea was intubated with a 4.5-mm uncuffed 
endotracheal tube. A 24-gauge lumbar epidural cath- 
eter was inserted at the L4-5 interspace. Aspiration 
failed to disclose the presence of blood or cerebrospi- 
nal fluid in the catheter, and a test dose of 3 mL of 
0.25% bupivacaine with 1:200,000 epinephrine pro- 
duced no change in heart rate. Morphine, 1.5 mg, 
was injected via the epidural catheter. A left radial 
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arterial catheter was inserted. The patient was repo- 
sitioned supine and underwent a median incision for 
removal of a Wilms’ tumor involving the left kidney. 
He received mefoxitin, 30 mg/kg IV. 

Approximately 1.5 h after skin incision, and 2 h 
after injection of the epidural morphine, the patient 
was breathing a mixture of oxygen/halothane (0.6%) 
when transient type II second-degree heart block 
with 3:1 atrioventricular (AV) block developed (Fig- 
ure 1). Immediately before the event, arterial blood 
pressure was 90/50 mm Hg, heart rate was 120 
beats/min, end-tidal CO, was 31 mm Hg, oxygen 
saturation was 100%, and rectal temperature was 
36.9°C. An arterial blood gas sample drawn 20 min 
before the event, with an Fro, of 1.0, had disclosed a 
pHa of 7.28, a Paco, of 37 mm Hg, a Pao, of 
411 mm Hg, a base equivalent of —8 mEq/L, a hemo- 
globin level of 14.1 g/dL, and a blood glucose level of 
120 mg/dL. The patient seemed to be well hydrated, 
and urine output was more than 2 mL-kg™*-h™?. 

This episode of second-degree heart block lasted 
approximately 30 s during which the heart rate 
slowed from 120 to 46 beats/min and arterial blood 
pressure decreased to 80/45 mm Hg. The surgeon was 
notified and asked to reposition the abdominal retrac- 
tors. Although the surgeon denied traction on the 
inferior vena cava or other vascular structures, he 
removed the abdominal retractors, and within 5 s 
cardiac rhythm returned to normal sinus with a rate 
of 110 beats/min. No additional medications were 
given. 

A similar episode of transient second-degree heart 
block occurred approximately 1 h later. This resolved 
within 30 s without significant hypotension. With an 
Fio, of 0.3, pHa was 7.31, Paco, was 31 mm Hg, Pao, 
was 164 mm Hg, and hemoglobin was 12.4 g/dL. 
Again, the surgeon was notified and was requested 
to remove his retractors from the abdominal ‘cavity. 
Within a few seconds of removing the surgical retrac- 
tors, cardiac rhythm returned to normal sinus at a 
rate of 120 beats/min. 

The third episode of heart block occurred approx- 
imately 30 min after the removal of the Wilms’ tumor. 
The patient was breathing 30% oxygen in air, and the 
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Figure 1. Transient type II second-degree heart block with 3:1 atrioventricular block. 


inspired halothane concentration was 0.5%. Heart 
rate was 115 beats/min and arterial blood pressure 
was 85/50 mm Hg. Other variables included: Spo, 
99%, end-tidal CO, 29 mm Hg, and rectal tempera- 
ture 37.4°C. Third-degree heart block acutely devel- 
oped, with P waves continuing at approximately 115 
beats/min and absent QRS complexes. Arterial sys- 
tolic blood pressure decreased rapidly from 85 to less 
than 40 mm Hg. The surgeons were informed, and 
within seconds of removal of the surgical retractors, 
the patient’s heart rate returned to normal sinus 
rhythm at a rate of 115 beats/min. The episode had 
lasted approximately 10s, and no chest compressions 
or emergency drugs had been administered during 
the time of the episode. With an Fro, of 0.3, pHa was 
7.38, Paco, was 25 mm Hg, Pao, was 164 mm Hg, 
base equivalent was —8 mEq/L, and hemoglobin was 
10.7 g/dL. 

The surgical procedure was then completed and 
the abdominal wound was closed. The neuromuscu- 
lar block was reversed with intravenous atropine 
(20 ug/kg) and edrophonium (1 mg/kg), and the 
inhaled anesthetic was discontinued. The patient was 
awake, opening his eyes, and moving all extremities. 
The endotracheal tube was removed and he was 
taken to the postanesthesia room. 

Cardiac rhythm was monitored with continuous 
electrocardiographic monitoring for 48 h and with a 
Holter monitor for an additional 24 h. No arrhyth- 
mias or bradycardia were observed during this 
period. Echocardiography revealed no structural de- 
fects, valvular abnormalities, or ventricular hypertro- 
phy. The patient recovered uneventfully and had no 
further episodes of arrhythmias or bradycardia. 


Discussion 


This is a case report of second- and third-degree heart 
block in a pediatric patient undergoing excision of a 
Wilms’ tumor. Differential diagnosis of bradycardia 
in the pediatric population can be listed under these 
classifications: congenital, surgical, acquired, phar- 
macologic, and physiologic (4). Congenital lesions 
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include idiopathic complete heart block and brady- 
dysrhythmias associated with congenital heart dis- 
ease. Surgical bradycardias include those caused by 
manipulation of the cardiac conduction system dur- 
ing surgical correction of congenital heart defects. 
Acquired lesions include idiopathic fibrous degener- 
ation of the cardiac conduction system, intracardiac 
tumors, and cardiomyopathies. 

There are many drugs that can cause bradydys- 
rhythmias in the pediatric population. Administra- 
tion of fentanyl can cause bradycardia, especially at 
the time of intravenous injection (5). Although the 
elimination half-life is approximately 3 h, fentanyl 
has not been suspected of inducing new onset of 
bradydysrhythmias during the elimination phase of 
its pharmacokinetic profile (6). Bradycardia with the 
use of fentanyl is thought to be due to stimulation of 
the central vagal centers, with subsequent sinoatrial 
and AV nodal depression (7). There is clinical evi- 
dence of halothane and benzodiazepines augmenting 
the narcotic-induced bradydysrhythmias. However, 
the pathways of this interaction have not been eluci- 
dated. 

Injection of drugs into the epidural space may be 
associated with bradydysrhythmias after injection 
(8). Local anesthetics, such as bupivacaine, may 
cause bradycardia by producing a block of sympa- 
thetic nervous system output from the thoracic levels, 
specifically T1-T4. The 3-mL dose of 0.25% bupiv- 
acaine with 1:200,000 epinephrine used in this patient 
was enough to test for intravenous and subarachnoid 
misplacement of the epidural catheter. However, if 
this dose of bupivacaine had been injected into the 
subdural space, it could have spread to the thoracic 
level and resulted in a sympathetic block with subse- 
quent bradycardia (9,10). However, bradycardia from 
this source should occur relatively quickly, and not 
1.5 h later. A motor and sensory examination of the 
patient at the end of his surgical procedure revealed 
no evidence of a subdural injection. Injection of 
morphine into the epidural space is associated with 
rostral spread of morphine and may result in brady- 
dysrhythmias secondary to complications of epidural 


768 CASE REPORTS 


narcotics, such as apnea with resultant hypoxemia 
(11,12). However, as this patient’s lungs were me- 
chanically ventilated throughout the surgical proce- 
dure, physiologic ventilation parameters, as moni- 
tored by pulse oximetry, capnography, and periodic 
analyses of arterial blood gases, were assured. 

Halothane has been associated with bradydys- 
rhythmias in the pediatric patient. It produces a 
dose-dependent myocardial depression in both chro- 
notropic and inotropic function of the heart (13-15). 
In a healthy patient, such as the one in this report, 
one may expect to see bradycardia with a high 
concentration of halothane but not at the inspired 
concentration of 0.5%—-0.6% that this patient was 
receiving. 

There are a number of reports in the adult litera- 
ture of bradycardia when vecuronium was used as a 
muscle relaxant (16-22). Most of these incidents oc- 
curred during a laparoscopy or abdominal operation. 
The patients had been given a general anesthetic, and 
a period of sinus bradycardia or asystole occurred 
5-20 min after the use of vecuronium. This was 
usually at the time of surgical manipulation (such as 
peritoneal retraction) that may have induced para- 
sympathetic stimulation. All patients responded to 
intravenously administered atropine or glycopyrro- 
late. 

The hemodynamic response to manipulation of 
the abdominal organs is quite variable. Initial studies 
showed a decrease in arterial blood pressure during 
abdominal operations, with either an increase or 
decrease of heart rate (23). Seltzer et al. (24) observed 
a decrease in systemic vascular resistance and an 
increase in cardiac output with a variable heart rate 
response to retraction of abdominal mesentery. How- 
ever, there has been no description of a neural 
pathway to account for the many clinical reports of 
bradycardia during abdominal and gynecologic sur- 
gery (17—22,25,26). 

This case report is different from those described in 
the literature. This case was that of a pediatric patient 
who was hemodynamically stable until an episode of 
bradycardia occurred. The decrease in heart rate was 
a result of AV block and not of sinus bradycardia. The 
P waves continued at a rate of approximately 120, 
with a 3:1 type II AV block (Figure 1). The episode of 
complete heart block was not recorded, but regular P 
waves at a rate of approximately 115 beats/min and 
no QRS for approximately 10-12 s were observed. 
The absence of ventricular activity was confirmed by 
the lack of a pressure tracing on the arterial pressure 
wave recording. 

Stimulation of the vagus will produce sinus brady- 
cardia and prolongation of AV conduction. However, 
rarely does it produce isolated AV block without 
sinus bradycardia. Atropine was not given to this 
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patient immediately because of the transient nature 
of the arrhythmia. Vagal innervation to the heart is 
split into two branches (27). The right vagal fibers 
predominantly influence the sinoatrial nodal tissue, 
and the left vagal fibers are distributed to the AV 
nodal tissue. Each individual has a unique pattern of 
distribution, with much overlap. It is possible that 
traction of the abdominal contents in this patient may 
have caused a vagal response that was mediated 
primarily via those vagal fibers distributed to the AV 
nodal tissue. This might explain the AV conduction 
abnormalities in this patient, which appear to have 
been temporarily related to the positioning of the 
surgeon’s retractors. Although the reasons for this 
patient’s bradycardia are unknown, removal of the 
surgical retraction immediately corrected the event in 
three different instances. 

In summary, this is a report of a pediatric patient 
in whom 3:1 AV block and complete heart block 
during laparotomy developed. 


We thank Meredith Bradley for her editorial assistance. 
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Extracorporeal Shock Wave Lithotripsy in a Patient With 


a Pacemaker 


Wayne J. Celentano, MD, Jonathan S. Jahr, MD, and Bobby Dean Nossaman, MD 
Department of Anesthesiology, Tulane University School of Medicine, New Orleans, Louisiana 


commonly used for treatment of biliary or renal 

calculi (1). Extracorporeal shock wave litho- 
tripsy consists of a fast capacitor discharge as a shock 
wave focused on an object such as a kidney or 
gallbladder stone. Serial shock waves are delivered 
until the stone is pulverized. The use of ESWL is 
contraindicated in patients with aortic aneurysms, 
pregnancy, coagulation abnormalities, and possibly 
cardiac pacemakers (2). Indications for cardiac pace- 
makers include (a) bradytachycardia dysrhythmias, 
such as the sick sinus syndrome, (b) heart blocks, 
(c) combination of heart blocks, (d) hemodynamically 
compromising tachy-dysrhythmias, and (e) syncope 
without an electrocardiographic diagnosis (2). There 
is literature suggesting that use of ESWL in patients 
with cardiac pacemakers is possible (3-10). We 
present a case of a patient with a cardiac pacemaker 
who successfully underwent ESWL. 


commen a shock wave lithotripsy (ESWL) is 


Case Report 


A 61-yr-old man with a cardiac pacemaker placed in 
1982 for symptomatic bradycardia of unknown etiol- 
ogy was scheduled for ESWL for nephrolithiasis. The 
pacemaker was a VVI programmable type, with a rate 
of 70 beats/min, and was assessed by the cardiologist 
to be functioning properly. Past medical history re- 
vealed no abnormalities other than the pacemaker, as 
did a review of systems. The patient denied any 
symptoms of vertigo, syncope, palpitations, short- 
ness of breath, or any other cardiac or pulmonary 
symptoms. Preoperative laboratory results and chest 
radiograph were normal. The electrocardiogram re- 
vealed an artificial pacemaker rhythm, capturing 
about 90% of time at a rate of 72 beats/min. The risks 
and benefits of anesthesia were discussed with the 
patient who refused regional anesthesia and was 
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agreeable to a general endotracheal anesthetic. After 
breathing 100% oxygen, anesthesia was induced with 
intravenous etomidate (0.3 mg/kg), lidocaine 
(1.0 mg/kg), fentanyl (3 ug/kg), and vecuronium 
(0.1 mg/kg). Induction was smooth, with an atrau- 
matic endotracheal intubation. Oxygen saturation 
remained at 98%-100%, with maintenance of pre- 
operative arterial blood pressure. Nitrous oxide in 
oxygen with isoflurane was used for maintenance of 
anesthesia. The patient was positioned into the litho- 
tripsy chair and lowered into the water bath as 
routinely done. Within the first 10 min of the proce- 
dure, the heart rate decreased to 50 beats/min with an 
arterial blood pressure about 10% below baseline. 
Because there was a concern that a dysrhythmia 
(premature ventricular contraction) might be induced 
by the lithotriptor firing on the T wave, the urologist 
was instructed to stop the lithotriptor, and isoproter- 
enol was administered intravenously (1 ug/dose) and 
titrated by intravenous infusion to maintain a heart 
rate of 70 beats/min (total dose 10 ug). Vital signs 
remained normal during this period, and the proce- 
dure was restarted. The treatment lasted about 
35 min and no other significant problems occurred. 
Isoproterenol was stopped before the termination of 
the procedure when the patient's own heart rate 
increased to 75 beats/min. After completion of the 
procedure, paralysis was reversed with intravenous 
neostigmine (3 mg) and glycopyrrolate (0.4 mg), and 
the trachea was extubated uneventfully shortly there- 
after. In the postanesthesia recovery unit, the pace- 
maker was again checked and was functioning as 
previously set. Postoperative follow-up revealed no 
anesthetic complications, and the patient returned for 
repeat ESWL 2 mo later without incident. 


Discussion 


A potential complication of ESWL is the induction of 
cardiac dysrhythmias (1). During the early use of this 
procedure, a high incidence of cardiac dysrhythmias 
was noted, some of which lead to near fatal dysrhyth- 
mias requiring cardiopulmonary resuscitation. Fur- 
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ther experimentation revealed that the timing of 
firing of the lithotriptor during the cardiac cycle was 
very crucial for inducing dysrhythmias. Therefore, 
the lithotriptors are now designed to fire about 20 ms 
after the QRS complex, in order to fire during the 
absolute refractory period when dysrhythmias are 
least likely to occur rather than during the relative 
refractory period when vulnerability is greatest. This 
practice has significantly decreased the likelihood of 
cardiac dysrhythmias. However, it has been stated 
that ESWL is contraindicated in patients with cardiac 
pacemakers (1). Of major concern is the potential for 
pacemaker malfunction induced by the lithotriptor, 
either by electrical interference from the spark gap 
used to produce the shock waves or by the electro- 
mechanical forces created by the shock waves them- 
selves (1). Studies have been performed to investigate 
this potential problem (3,4). In these in vitro experi- 
ments, cardiac pacemakers were submerged and sub- 
jected to the firing of the lithotriptor. Pacemaker 
function (generator voltage, rate, pulse duration, and 
sensing level) were measured before, during, and 
after ESWL. In one part of the study, the lithotriptor 
was fired in synchrony with the pacemaker rate (3). 
One of 22 pacemakers developed an intermittent 
magnetic rate change to the magnetic rate of 100 
beats/min from the previous set rate of 72 beats/min 
but normalized after ESWL was terminated. Malfunc- 
tion was thought to be due to closure of a “reed 
switch” by high energy vibration. In the second part, 
the lithotriptor was fired at a rate faster than the pacer 
rate. Here, 11 of 22 pacemakers had inhibition of 
function. This returned to normal after the ESWL was 
terminated. Cardiac pacers are designed with high- 
frequency noise filters to prevent malfunction from 
high-energy interference (1). However, only half of 
these pacemakers filter out the electromechanical 
forces created by ESWL. 

Studies of electrical interference from the spark 
gap indicate that the milliamperes measured at the 
cardiac tissue during lithotripsy is far less than is 
required to stimulate the heart in situ with direct 
contact between intrathoracic catheters and heart 
muscle (1). Therefore, electrical inhibition does not 
appear to be a problem when ESWL discharge is 
synchronized to follow the pulse generator signal. 

Cardiac pacemakers do not appear to be damaged 
or reprogrammed by exposure to ESWL. The likeli- 
hood of false inhibition appears to be very low if 
shock waves are delivered synchronously with the 
QRS. However, as the studies thus performed have 
been in vitro and not on patients with pacemakers, 
and only single-chamber pacemakers have been 
used, this information must be applied cautiously to 
the clinical use of ESWL in patients with cardiac 
pacemakers. 
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A survey by Drach et al. (5) evaluated the experi- 
ence of patients undergoing ESWL who had pace- 
makers. In that survey of urologists, it was stated that 
patients with cardiac pacemakers currently are 
treated by ESWL only by agreement between individ- 
ual physicians and patients. The results of a survey of 
patterns of ESWL treatment (or nontreatment) ol 
patients with pacemakers in the United States and 
Europe was presented. Letters of inquiry regarding 
treatment of pacemaker patients were sent to 141 
United States ESWL sites and 55 sites in Europe. 
Responses were received from 81 (57%) and 17 (31%) 
sites, respectively. A total of 131 patients received 142 
treatments, and pacemaker-related complications oc- 
curred in four (none was lethal, three were minor, 
and all were corrected immediately). No patient re- 
quired replacement of the pacemaker. No correlation 
existed between complications and pacemaker type 
or manufacturer. Urologists who treat patients with a 
pacemaker required previous clearance of the pa- 
tients by the cardiologist, a cardiologist present in or 
near the ESWL suite, and standby of corrective equip- 
ment or temporary pacemakers. 

Other urologists have suggested that the use of 
ESWL for patients with pacemakers is acceptable 
(6-8). Theiss et al. (6) studied 11 patients with cardiac 
pacemakers who were treated for renal or ureteral 
calculi by ESWL. During treatment and at follow-up 
no dysfunction of the pacemakers was noted. There 
were no cardiac complications during ESWL. All 11 
patients were free of stones within 3 mo after ther- 
apy. It was concluded from these data that in patients 
with cardiac pacemakers ESWL of rerial or ureteral 
stones can be performed safely when certain precau- 
tions are taken and special attention is paid to the 
electrophysiology of the pacemaker. 

Newer ESWL machines do. not require that the 
patient be placed in a tank of water, and instead use 
a dry method of shock transfer with mineral oil. 
These systems also require precise timing of the 
shock wave, and therefore would require the same 
precautions used for the older system. Patients often 
do not require a general anesthetic using the new 
system, in our institution, but do require heavy 
conscious sedation-monitored anesthesia care. The 


_ older machines are occasionally used for patients 


whose renal calculi are difficult to access with the new 
system, or who are obese and cannot fit on the table 
used for the dry method. 

In summary, a patient with a cardiac pacemaker 
underwent ESWL for nephrolithiasis. The patient 
was given a small dose of isoproterenol to reduce the 
potential for bradycardia and pacemaker malfunc- 
tioning. No malfunction of the pacemaker occurred 
during or subsequent to the procedure. We recom- 
mend the following if ESWL is to be performed on a 


Letters to the Editor 


Adrenal Suppression and 
Paraspinal Corticosteroids 


To the Editor: 


We read with interest the recent report of Dr. Edmonds and 
coworkers concerning Cushing’s syndrome and adrenal 
suppression from paraspinal depot corticosteroid adminis- 
tration (1). We must take issue, however, with their asser- 
tion that “... neither Cushing's syndrome nor clinically 
significant adrenal suppression has been reported after 
intrafacet, paraspinal, or epidural corticosteroid injec- 
tions.” In particular, there have been multiple previous 
reports of suspected or confirmed Cushing’s syndrome 
after administration of epidural depot corticosteroids (2,3). 
Additionally, there have been at least two prospective 
investigations of the adrenal suppressive effects of epidural 
steroids (4,5). In fact, these reports have prompted some 
authorities to recommend stress steroid prophylaxis in appro- 
priate settings after epidural steroid administration (6). 


Kenneth A. Marshall, MD 
Sandra R. Chaplan, MD 


Pain Management Center 
Mercy Hospital 

1400 Locust Street 
Pittsburgh, PA 15219-5166 
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Masseter Spasm in Children 
and Pigs 


To the Editor: 


Communications by Rosenberg and Shutack (1), Patel et al. 
(2), and van der Spek (3) indicate that masseter spasm and 
its possible relation to malignant hyperthermia is still an 
emotional and controversial issue. Besides the clinical con- 
troversy as to whether masseter spasm heralds malignant 
hyperthermia or not, the semantic problem remains: mas- 
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Figure 1. Effects of succinylcholine (1.5 mg/kg IV, first large arrow) 
and dantrolene (5 mg/kg per irfusion, second large arrow) on 
masseter muscle tone (MMT, smail arrowheads: change of amplifi- 
cation), intraocular pressure (IOP), central venous pressure (CVP), 
and arterial pressure (AP). Recorder speed = 0.5 mm/s; malignant 
hyperthermia-susceptible pig, 25 kz, paralyzed with pancuronium, 
6 x EDs. Note the parallel course of IOP and MMT, indicating 
similar underlying mechanisms; masseter spasm develops despite 
neuromuscular blockade and is resolved by dantrolene, supporting 
an intramyocellular effect, independent of neuromuscular trans- 
mission. 


seter spasm in swine evolves in the absence of neuromus- 
cular transmission (4) (Figure 1) and should hence correctly 
be referred to as contracture (5). Though trismus is probably 
not trivial (6), malignant hyperthermia-related masseter 
spasm is probably not trismus (7). 

But, maybe we should stick with trismus, masseter spasm, 
and suxamethonium spasm, as we do with the Holy Roman 
Empire—which was neither holy, nor Roman—and actu- 
ally not even an empire. 


Jan-Peter A. H. Jantzen, DEAA 

Klinik fiir Anästhesiologie 

Johannes Gutenberg-University Medical School at Mainz 
Langenbeckstrasse 1 

D-6500 Mainz 1, Germany 
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A Neuromuscular Block Monitor 
Using the Toe Flexors 


To the Editor: 


Moretti et al. (1) described a simple apparatus to monitor 
neuromuscular block of the adductor pollicis. We have 
devised a monitor to record a mechanomyogram from 
stimulation of the posterior tibial nerve. It is a fluid-filled 
system that can transduce flexion of the toes and display it 
on an oscilloscope monitor (Figure 1). 

The device is easily mounted on either foot, attaching 
the plunger of the syringe to the big toe or to the adjacent 
two smaller digits using a Velcro strap. The sandal adjusts 
to a large range of foot sizes. The transducer is mounted on 
the sandal, thus minimizing length of tubing, which im- 
proves the quality of the tracings. The fluid in the system is 
fixed, and the transducer is calibrated to zero after mount- 
ing without exposing the transducer to air. 

Figure 2 is an example of a train-of-four response ob- 
tained with a strip chart recorder. The principal advantage 
of this device is that it can be used in instances where the 
face or arms are inaccessible. The foot can be in any 
position—we have even used it successfully in prone pa- 
tients. The recorder produces visual quantitative evoked 
responses that facilitate the teaching of neuromuscular 
physiology and pharmacology. 

One must make frequent changes on the pressure mon- 





Figure 1. An adjustable sliding carriage incorporating a fluid-filled 
epidural syringe and a disposable arterial line transducer is 
mounted on an adjustable plastic sandal with a platform. 








Figure 2. Example of a train-of-four response from a patient with 
a nondepolarizing neuromuscular block. 


ANESTH ANALG 
1992;74:773-83 


itor scale to accommodate the wide range of muscle con- 
tractions. Some patients with severe peripheral vascular 
disease, metabolic neuropathies, or foot deformities, like 
hammer toes, gave poor evoked responses to single twitch 
and train-of-four stimulation. However, they seemed to 
respond better to double-burst stimulation. 


Randall W. Henthorn, MD 
Rashid A. Cajee, MD 
Department of Anesthesiology 
University of Oklahoma 

VA Medical Center 

921 NE 13th Street 

Oklahoma City, OK 73104 
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Heart Rate Changes With High 
Spinal Anesthesia 


To the Editor: 


We read with interest the excellent article by Drs. Anzai 
and Nishikawa (1). Their article raised the issue of the 
changes in heart rate and the mechanisms involved during 
spinal anesthesia, which we would like to address. We 
agree that the tachycardia is reflex in origin. The reflex 
entails afferent impulses, centers, and efferent impulses. 
First, the afferent impulses according to their findings arise 
from the right atrium. However, other sources (such as the 
baroreceptors in the large arteries) can play an important 
role in causing reflex tachycardia caused by hypotension 
(2). In fact, both sets of impulses from the right side of the 
circulation (atria and pulmonary arteries) and the left side 
(aorta and carotid arteries) tend to maintain the arterial 
blood pressure, thus they are called the pressure buffer 
system. Second, the centers, mainly tractus solitarius, are 
located in the medulla oblongata, and thus they usually are 
not directly influenced by the spinal block. Third, the 
efferent impulses to the heart according to their indications 
are carried by the partially blocked or intact cardiac accel- 
erators (T-1 to T-4). This is a reasonable cause for tachycar- 
dia with low spinal blocks. However, in our experience 
with cesarean sections, tachycardia still occurs with spinal 
blocks reaching the T-1 level. The administration of ephe- 
drine, to correct the hypotension caused by high spinal 
anesthesia, raises arterial blood pressure, stroke volume, 
cardiac output, and peripheral resistance, while reducing 
heart rate (3). As the sympathetic nerves of the heart are 
blocked, the alterations in heart rate have to be mediated 
through changes in vagal tone, the only nerve to the heart 
that remains unblocked. We believe that serious bradycar- 
dia can occur with spinal anesthesia under the pt 
conditions: (a) when the reflex arc is impaired, e.g., 

patients having neuropathy; (b) when the initial oes 
sion is neglected, because with extreme hypotension the 
baroceptor reflex fails (2); and (c) when hypoxia of the heart 
supervenes as a result of paralysis of the respiratory mus- 
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cles or ischemia of the respiratory centers. With vigilance, d 
serious bradycardia rarely should be encountered. 


Ezzat Abouleish, MD 

Anita Giezëntanhët; MD 
Department of Anesthesiology 
Lintversity of Texas Medical School 
Houston, TX 77030 
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In Response: 


We were greatly encouraged by Drs. Abouleish and 
Giezentanner’s comments concerning our article (1). They 
reemphasized the esséntial mechanism regarding the con- 
trol of heart rate during spinal anesthesia. We believe that 
the heart rate changes associated with body tilt during 
spinal anesthesia are reflex in origin, and we agree with 
their assumption that most of the serious bradycardias 
occur under certain pathologic cUnditions. 

As they point out, cardioacceleratioti does occur (1) even 
during high spinal anesthesia. This may be ascribed to the 
existence of sympathetic-sensory differential with tet- 
racaine spinal ariesthésia and partial blockade of the upper 
parts of cardioaccelerator nerves (2,3) as described in our 
article, or concomitant suppression of vagal tone secondary 
to sympathetic blockade (4), dr both. 

To our knowledge, the cardiovascular effects of ephe- 
drine have never been studied extensively, particularly in 
clinical anesthetic settings. As ephedrine has both æ- and 
B-adrenoceptor stimulating actions, the vasoconstrictive or 
tachycardic effect of ephedrine seems to depend on its 
dosage and underlying ariesthesia-induced hemodynamic 
alterations. For example, general anesthetics augment the 
pressor effects of ephedrine primarily by potentiating 
a-adrenoceptor-mediated vasoconstriction in humans (5). 
Therefore, the décrease in heart rate and increase in arterial 
blood pressure and peripheral vascular resistance after 
intravenous administration of ephedrine in their study (6) 
could be attributed to the predominant a-adrenoceptor- 
mediated vasoconstricting action of ephedrine because of 
relatively large dose (23.5 mg), and to reflex slowing of 
heart rate through the activation of baroreceptors in the left 
side of the circulation. 


Yukinobu Anzai, MD 

rtment of Anesthesia 
Obihiro Kousei General Hospital 
Obihiro City, Hokkaido 080, Japan 


Toshiaki Nishikawa, MD 
Department of Anesthesiology 
Institute of Clinical Medicine 
University of Tsukuba 

Tsukuba City, Ibaraki 305, Japan 
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A Call for Quality Economical 
Neuromuscular Monitors 


To the Editor: 


It is a disappointment to see another “simple device to 
monitor neuromuscular blockade” (1). Why do anesthesi- 
ologists have to devise their own neuromuscular monitors 
using disposable syringes and rings that have been cut? 

No anesthesiologist today would accept a device of 
similar crudity for measuring blood pressure or any other 
physiological variable. In the early 1970s, I learned to 
connect an intraarterial catheter to a mercury column or an 
aneroid manometer as a practical method of continuous 
monitoring of arterial blood pressure. We have also read 
about simple ingenious devices for neuromuscular moni- 
toring, such as the “Boomerang,” a toy issuing a sound 
when squeezed, and a hanging object traveling a vertical 
distance alongside a measuring tape when pulled through 
a pulley. These and othet “inventions” were once appreci- 
ated but are long obsolete. They have been meritioned by 
Ali and Miller in a standard téxtbook for obsolescence (2). 
Today, the standards should be higher. 

Showing a trairt-of-four fade alone does not make a 
worthwhile neuromuscular monitor. Fade is too obvious a 
sign to need an oscilloscope to display. Accuracy of data 
must be documented: Correlation between data obtained 
with a new device and that obtained with a standard 
method does-not alone validate the new device. Individual 
variability exists in all biological variables, and thus signif- 
icant technical inaccuracy can be obscured. And the greater 
the individual variability, the less any technical inaccuracy 
should be tolerated. In the measurement of muscle power, 
potential sources of inaccuracy include changing resting 
tension (length) of the muscle, inaccurate transmission 
(misalignment, bending of joints, changing direction of 
force, slipping of parts), and low fidelity transduction 
(range, sensitivity, and frequency of response of the fluid/ 
syringe/tubing system). 

After so much ado (cutting the plastic rings, taping the 
fingers, filling and fitting the syringe, priming the tube, 
connectirig the cdbles, and setting the resting tension), one 
stil has to undo the setup at the end of surgery. If 
neuromuscular transmission is intended to be monitored as 
a routine, disposable supplies and labor become costly for 


776 LETTERS TO'THE EDITOR 


frequent users. The technology for practical and economical 
neuromuscular monitors is readily available today; but the 
impracticality and high cost (1) of commercial products will 
not be corrected without a strong demand for something 
better than homemade devices. 


Chingmuh Lee, MD 

Department of Anesthesiology 
University of California, Los Angeles 
School of Medicine ° 

1000 West Carson Street 

Torrance, CA 90509 
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NOTE FROM THE EDITOR: Dr. Moretti has declined to respond to Dr. Lee’s 
letter. 


Laryngeal Mask Airway for 
Emergency Cases 


To the Editor: 


In the recent review article by Hastings and Marks (1), I was 
disappointed to see no mention or discussion of the laryn- 
geal mask airway. I would have expected that use of the 
laryngeal mask airway, although not widespread in the 
United States, had been described in the European litera- 
ture for cervical, spine injuries and should have been 
included in this review. Could the authors comment fur- 
ther on this? 


Franklin J. Day, MD 
Pain Clinic 

Naval Hospital Oakland 
8750 Mountain Boulevard 
Oakland, CA 94627 
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The views expressed in this letter are those of the author and do not reflect 
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Defense, nor the U.S. Government. 


In Response: 


In our practice, we do not use the laryngeal mask airway for 
airway management in emergency cases. As there is no 
tube distal to the vocal cords, the security of the airway 
could be threatened in trauma patients by coughing, laryn- 
gospasm, or development of laryngeal edema, for example. 
The laryngeal mask does not protect against aspiration (1) 
and it may not allow ventilation with high peak pressure 
- (2), The technique has a high complication rate, including 
epiglottic obstruction, laryngospasm, coughing, and mal- 
position, even in elective cases (2). Finally, insertion of the 
laryngeal mask without direct vision may be difficult or 
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dangerous in patients with injuries of the face, pharynx, or 
larynx. We know of no studies comparing head and neck 
movement with direct laryngoscopy and with laryngeal 
mask insertion. There are no studies of outcome using this 
technique in patients with cervical spine injury. 

Randolph H. Hastings, MD, PhD 

Department of Anesthesia 

University of California, San Francisco 

San Francisco General Hospital 

San Francisco, CA 94110 
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Is Intravenous Esmolol an 
Acceptable Substitute for an 
Inadequate Anesthetic? 


To the Editor: 


We read with interest the article by Smith et al. (1), 
regarding the use of intravenous esmolol as an alternative 
to intravenous alfentanil to supplement a propofol-nitrous 
oxide anesthetic technique. We congratulate the authors on 
their interesting paper, but believe that another perspective 
needs to be addressed. 

Various techniques have been advocated for attenuation 
of hemodynamic responses to laryngoscopy and endotra- 
cheal intubation, all of which have met with varying 
degrees of success (2,3). But are any of these techniques an 
alternative to an adequately anesthetized patient (4)? 

Hemodynamic responses, including arterial blood pres- 
sure and heart rate increases, as well as movement of the 
patient in response to noxious stimuli, are suggestive of 
inadequate anesthesia relative to the stimulus being im- 
posed at that time. Using esmolol to mask the hemody- 
namic alterations is the same as treating the symptom, no 
the disease. 

Moreover, we are concerned that several goals of out- 
patient anesthesia are not really being achieved by substi- 
tuting -blockade for analgesics. As Smith et al. state, there 
were no differences in ambulation and discharge times 
between the two techniques, and no differences in the 
incidence of nausea and vomiting—thus no real benefit 
achieved. 

Additionally, omitting the opioid early simply causes a 
need for opioid use later, as reflected by the fact that more 
patients in the esmolol-treated group required postopera- 
tive analgesia than in the group given opioid early. 

This results in the use of two drugs when a single drug 
may achieve the same effect. This in itself causes an 
increase in costs to the patient, especially with the high cost 
of esmolol and the unnecessary use of an additional drug. 
(Esmolol costs our institution $8.54 for a single 100-mg 
vial.) 

Lastly, the initial doses of esmolol used seem very large: 
recommendations by the manufacturer of esmolol suggest 
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starting doses of 0.5 mg/kg and then subsequent boluses 
and/or infusions, whereas Smith et al. use 2 mg/kg, almost 
four times the manufacturer's bolus dose suggestions and 
higher than the doses used by Gold et al. (2). We would 
urge caution in applying this technique with the singular 
goal of achieving hemodynamic response attenuation. 


Richard S. Ginsburg, MD 
Maurice Lippmann, MD 
Department of Anesthesiology 
Harbor-UCLA Medical Center 
1000 West Carson Street 
Torrance, CA 90509 


References 


1. Smith I, Van Hemelrijck J, White PF. Efficacy of esmolol versus alfentanil 
as a supplement to propofol-nitrous oxide anesthesia. Anesth Analg 
1991;73:540--6. 

2. Gold MI, Sacks DJ, Grosnoff DB, Herrington C, Skillman CA. Use of 
esmolol during anesthesia to treat tachycardia and hypertension. Anesth 
Anal 1989;68:101-4. 

3. Ewell CL, Fuhrman TM, Pippin WD, Weaver JM. Comparison of the 
ability of esmolol and alfentanil to attenuate tachycardia and hyperten- 
sion during emergence from inhalational anesthesia (abstract). Anesthe- 
siology 1990;73Suppl):A108. 

4. Leslie JB. Bolus dose esmolol for anesthesia: is there a need? J Clin Anesth 
1990;2:215--20. a 


In Response: 


We appreciate the interest shown by Drs. Ginsburg and 
Lippmann in our article describing the use of esmolol and 
alfentanil as adjuvants during propofol—nitrous oxide anes- 
thesia (1). Although we are in agreement with most of their 
comments (many of which simply restate the conclusions of 
our article), we would challenge their suggestion that these 
drugs were being used as alternatives to an “adequate 
anesthetic.” As our anesthetic technique consisted of 
propofol and nitrous oxide (a popular technique for minor 
outpatient procedures), we considered esmolol and alfen- 
tanil to be adjuvants, not primary anesthetic agents! 

Given the current state of knowledge, it is difficult to 
define precisely what constitutes an adequate anesthetic. 
With propofol-nitrous oxide~muscle relaxant anesthesia, 
we found no correlation between hemodynamic and elec- 
troencephalographic changes in response to surgical stim- 
uli (2). Until a reliable “depth of anesthesia” monitor is 
available, anesthesiologists will continue the current prac- 
tice of titrating both inhaled and intravenous anesthetics to 
meet the needs of individual patients, using clinical signs to 
judge the depth of anesthesia (3). 

In the presence of adequate hypnosis (as in our study), 
the choice of the most appropriate adjunctive drug(s) is 
controversial. However, as some patients are extremely 
sensitive to the emetogenic effects of opioid analgesics, 
they might benefit from an anesthetic technique devoid of 
these compounds. For this subset of patients, esmolol 
would appear to be a useful alternative to alfentanil. 
Nevertheless, we would agree that the higher cost of 
esmolol and the increased need for analgesic medication in 
the early postoperative period precludes its routine use 
during outpatient anesthesia. In our opinion, opioid anal- 
gesics will likely remain an important adjunctive compo- 
nent of most outpatient anesthetic techniques. However, 
we will continue to evaluate new therapeutic modalities in 
an attempt to improve upon the “quality of anesthetic care” 


LETTERS TO THE EDITOR 777 


we provide for outpatients undergoing ambulatory sur- 
gery. 

Ian Smith, FFARCS 

Paul F. White, PhD, MD, FFARACS 

Barnes Hospital Outpatient Surgery Center 

Washington University 

School of Medicine 

St. Louis, MO 63110 
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Suggested Improvements to the 
“Loading Port’’ Method for 
syringe Pumps 


To the Editor: 


We read with great interest the recent letter by O’Flynn and 
Siler (1). In this correspondence, the authors described a 
method for refilling the large propofol syringe used with a 
syringe pump for continuous intravenous anesthesia. They 
describe their method as being simple, inexpensive, and as 
minimizing the risk of contamination of the propofol sy- 
ringe, which is particularly important. However, we be- 
lieve that significant risk of contamination to the large 
pump syringe still remains with the technique described by 
the authors. The cause of our concern stems from the fact 
that in clinical practice, when a drug is first being drawn up 
into a syringe, the operator’s fingers frequently contact, 
and therefore contaminate, the shaft of the plunger of the 
syringe. When the plunger later comes in contact with the 
inner walls of the barrel of the syringe during drug admin- 
istration, the barrel of that syringe may become contam- 
inated. That syringe is potentially no longer sterile. There- 
fore, that pump syringe, if reloaded with more propofol, 
could contaminate the drug. - 

To overcome this potential problem, we propose one of 
the following three modifications to the O’Flynn and Siler 
technique: 


1. The pump syringe should be attached empty to the 
infusion pump. The second “loading port” syringe can 
then be used to fill the pump syringe passively. Strict 
care should then be taken to never touch the plunger of 
the pump syringe if the pump syringe is intended to be 
refilled and reused. A new, sterile loading port syringe 
should be used with each refilling. This is particularly 
important because the loading port syringe can become 
contaminated after multiple use in the same way as the 
pump syringe. 

2. Sterile gloves and strict sterile technique (outlined in 
propofol package insert) can be used when first filling 
the pump syringe to prevent contamination. The 
plunger can never again be touched (unless sterile 
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gloves are worn) if the same syringe is to be refilled 
multiple times. 

3. The use of a pump syringe that is specifically designed 
for multiple use. This syringe could have a sterile 
condomlike sheath covering the plunger of the syringe. 
This would provide for the handling of the syringe and 
multiple refilling without contamination. Again, the 
loading port syringe should be discarded after each 
refilling. Although this type of syringe is not currently 
commercially available for the delivery of intravenous 
drugs, we are aware of a similar syringe designed for 
multiple thermodilution cardiac output determinations 
(The Baxter CO Set, Baxter Health Care Corp., Hook- 
sets, N.H.). 


Rene Gonzalez, MD 

John Diulus 

Department of Anesthesiology 

Eye and Ear Institute Pavilion 
University of Pittsburgh Medical Center 
Suite 3600 

230 Lothrop Street 

Pittsburgh, PA 15213 
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In Response: 


We appreciate the interest and comments from Dr. Gonza- 
lez and Mr. Diulus who correctly state that there is a risk of 
agent contamination when any syringe is reused. This is of 
grave concern when drugs that support bacterial growth 
such as propofol (Diprivan) are used. The new propofol 
package insert outlines strict sterile technique for preparing 
the drug for injection (1). 

With this increased awareness of possible drug contam- 
ination (2,3), we have modified our technique for preparing 
syringes for continuous infusions. We presently are loading 
the pump syringe with propofol using strict sterile tech- 
nique from the single-use 50-mL vial. All tubing connec- 
tions are made while wearing sterile gloves. The stopcock 
sideport is used only for induction and bolus doses as 
needed, not for refilling the pump syringe. The sideport 
syringe is filled using the sterile technique outlined in the 
propofol package insert and is discarded after single use. 
The stopcock sidéport is always capped and never left open 
to air. 

At the present time, we cannot advocate refilling of the 
pump syringe. If, at some point in the future, a pump 
syringe with a sterile condomlike sheath becomes commer- 
cially available, then the sideport may be used for syringe 
refilling. Until that time, even the technique outlined in 
points 1 and 2, of the Gonzalez-Diulus letter, i.e., refilling 
the syringe while wearing sterile gloves and avoiding 
contact with the plunger, risks drug contamination. 


Richard P. O’Flynn, MD 
Janet N. Siler, MD 
Hahnemann University Hospital 
Department of Anesthesiology 
Mail Stop 310 

Broad and Vine Streets 
Philadelphia, PA 19102-1192 
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Strength of Continuous 
Spinal Catheters 


To the Editor: 


Drs. Ley and Jones report that independent testing of the 
break strength of spinal catheters has not been done (1). 
This is not correct. We have tested the break strength of 18 
32-gauge spinal catheters (Rusch), using a different method 
to that of Drs. Ley and Jones (2). Our method was to use 
dead weight loading around cylindrical grips, and our 
values correspond to those of the manufacturers’ and are 
larger than those reported by Drs. Ley and Jones. Presum- 
ably this discrepancy is explainable by the different meth- 
ods of measuring the break strength. It is difficult to say 
which method corresponds more closely to the clinical 
situation. 

The main reason for clinical interest in this subject is the 
risk of breakage of these microcatheters. The lower ranges 
of the break strength are therefore the important values in 
clinical practice. We found two unexpectedly low values of 
705 g and less than 650 g for the break strength of two of the 
32-gauge spinal catheters. The tests were repeated for these 
two catheters, and adjacent sections failed at 1065.4 and 
1112.9 g, respectively. We have no explanation for this, but 
there may have been damage to the integral wire stylet. 

In a separate study, we measured the force needed to 
withdraw the 32-gauge catheters from the patients’ backs 
(3). The catheters had been placed for analgesia during 
labor and delivery using an oblique paraspinous approach, 
and were withdrawn by sitting the patient forward and 
pulling outward and downward at approximately 45° with 
a calibrated spring balance. The force needed to withdraw 
the catheters ranged up to 700 g. This is well below the 
normal break strength of 32-gauge catheters, but damaged 
catheters may have break strengths of approximately this 
value. Some other types of spinal catheters available have 
normal break strengths of about this value. These catheters 
are larger than the Rusch 32-gauge catheters and of differ- 
ent construction, so the force needed for withdrawal may 
be different from our measured values. Clearly, however, 
until more data are available, great care must be taken 
when removing spinal catheters. 

We place all our catheters using an oblique paraspinal 
approach, so the catheter makes an oblique angle to the 
dura and does not traverse the interspinous or supra- 
spinous ligaments. If a midline approach is used, the force 
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needed to withdraw the catheters may be greater than the 
values we measured. 


J. G., Kestin, MD 
Department of Anaesthetics 
Derriford Hospital 

Level 07 

Derriford Road 

Plymouth PL6 8DH 
Devon, England 
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In Response: 


We appreciate Dr. Kestin’s interest in our paper and 
acknowledge his work (1), which was published in the 
period between submission of our manuscript and its final 
publication. Dr. Kestin’s results differ from ours and those 
of a similar study by Wissler et al. (2), who also tested the 
strength of spinal catheters. 

Kestin and Goodman may have recorded higher break 
strength values because of different testing methods. They 
used “dead weight loading,” whereas our study and that of 
Wissler et al. used a constant-rate-of-extension tensile test- 
ing machine. The measured strength of material is affected 
by the pull speed. Dead weight loading increases the strain 
slowly (only as fast as additional weights are added), and 
could result in larger values. We believe that pulling 
catheters at a controlled rate of 25 cm/min (rather than 
hanging weights from the catheters) more closely mimics 
what a clinician does when removing a catheter. 

Dr. Kestin mentions they found several individual cath- 
eters with break strength values that were unexpectedly 
low. In our initial testing we used standard hydraulic 
clamps to secure samples af the microcatheters. The clamps 
appeared to weaken the catheters and occasionally resulted 
in unexpected low values. To prevent this occurrence, for 
our study we looped the catheters around smooth rods that 
prevented the clamps or grips from affecting the catheters. 

We would also like to emphasize the unique design of 
the TFX/Rusch catheter. There is a stainless steel stylet 
permanently imbedded into the wall of the catheter to 
increase its strength. Our method of testing the TFX/Rusch 
32-gauge catheter resulted in a break strength of 0.93 + 0.13 
lb for the polyimide material and 1.92 + 0.08 Ib for the steel 
stylet. For these catheters the steel stylet, which has low 
elasticity and therefore elongates very little, provides the 
majority of the strength—auntil it breaks, then the polyim- 
ide material elongates—urtil it breaks. This is illustrated in 
Figure 1. If the catheter and stylet are both intact, the 
overall strength should be equal to the larger value; but if 
the steel stylet is bent, damaged, or broken, then the 
strength may be reduced to only that provided by the 
polyimide catheter. We reported both values as we believe 
both break strengths are important. 

We agree that there is a potential problem if the force 
required to remove a catheter from the patient’s back is 
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Stress (tension in pounds) 





Strain (extension at breakpoint in mm) 


Figure 1. A TFX/Rusch 32-gauge spinal catheter is strained 
(pulled) at a constant rate of 25 cm/min while the stress (tension) is 
measured. The permanently imbedded stylet elongates minimally 
before breaking, whereas the polyimide catheter elongates to a 
greater extent and then breaks. 


greater than the break strength of the catheter. We await 
Dr. Kestin’s study, currently in press, evaluating this issue. 
Blackshear et al. (3) have reported the tension required to 
remove epidural catheters as 0.36 + 0.24 Ib or 0.82 + 0.61 lb 
depending on whether the patient’s position was lateral 
decubitus or sitting. Assuming the tension required to 
remove spinal and epidural catheters would be similar, it 
may be safer to remove the continuous spinal catheters 
with the patient in the lateral decubitus position. 

In summary, there appears to be unanimous concern for 
the careful removal of continuous spinal catheters as the 
strength of these small catheters is not great. 


Brian R. Jones, MD 

Stephen J. Ley, MD 

Department of Anesthesiology, TB 170 
Liniversity of California, Davis 

Davis, CA 95616 
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On Anesthesiologists’ Jargon 


To the Editor: 


Whereas I wholeheartedly support Dr. Eger’s advocacy for 
correct English (1) and agree with him on the majority of 
items, I disagree on a few. 


Antagonism, Reversal. Antagonism occurs at a molecular 
level when an agonist and an antagonist compete for the 
same receptor. Reversal, on the other hand, properly de- 
scribes a changing direction in any clinical phenomenon. In 
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general usage, it likewise describes a direction change in 
policy, court action, or automobile transmission. Antago- 
nism between a narcotic and an antagonist does not neces- 
sarily reverse the narcosis; it may just shift the dose- 
response curve. 

In neuromuscular pharmacology, antagonism is a badly 
abused jargon. To the receptor, acetylcholine is the agonist, 
d-tubocurarine is the antagonist. Neostigmine is neither, it 
acts mainly by cholinesterase inhibition. Reversal of neuro- 
muscular block occurs only when the neuromuscular trans- 
mission actually improves. Plasma cholinesterase can re- 
verse (not antagonize) one kind of phase II block. 
Representatives of competing drug companies may antag- 
onize each other; but, no, anesthesiologists do not antago- 
nize the relaxant of their choice or the paralysis. 


Digitalize. Digitalizing the patient means not only adminis- 
tering digitalis to the patient (1) but also achieving a certain 
effect. The readers must be trusted to tell digitalis from the 
finger (digital examination) or the computer (binary trans- 
formation) (1). Digitalisize, as in italicize, to be correct, 
perhaps? 


Drop. Yes, the pressure dropped. “Only objects drop; quan- 
tities decrease,” wrote Dr. Eger. However, different quan- 
tities decrease differently: volume contracts, duration short- 
ens, and heart beat slows. Temperature, blood pressure, 
partial pressure, and rate have been said to be high or low. 
Hypotension is low rather than decreased (but still high) blood 
pressure. Anything that can be high can go down gradually, 
fall rapidly, or drop precipitously. Replacing all these verbs 
with decrease would be imprecise and dull. 


Intubating, Suctioning. I agree that body part must not 
be confused with the whole patient (1) and the content 
must not be confused with the organ. Anesthetizing a limb 
is not anesthetizing the patient and suctioning the secretion is 
not aspirating the patient (1). However, kissing the lips is 
kissing the person, invading a harbor is invading a country, 
anesthetizing the brain is anesthetizing the patient, and 
intubating a trachea is intubating a patient in the trachea. 
Occasionally, one intubates the patient elsewhere or inserts 
something other than the tracheal tube. Most of the time 
intubating a patient in no way means placing a patient in a 
tubular container (1). Suctioning the secretion is inaccurate 
when something else is removed. Rather than suctioning 
(the secretion, food particles, blood, and gastric juice from) the 
trachea, | prefer suctioning the trachea. In draining the sinus, 
injecting the trigger point, and suctioning the trachea, the 
indirect objects are stated, while the direct objects (pus, 
local anesthetic, secretions) are understood. No confusion. 


Mask induction. Masking a patient down is bad English, 
but inducing anesthesia via, with, using, or facilitated by a 
mask is cumbersome. The gases pass via the mask, but we 
do not induce anesthesia via the mask, or with a mask (with 
halothane!). Mask induction is to the anesthesiologist what 
instrument landing is to the pilot—there is no danger of 
misunderstanding that the mask is to be anesthetized (1), or 
that the instrument is to be thrown out of the airplane to 
land. 
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On. The ICU patient's lungs were mechanically ventilated (1) 
or I mechanically ventilated the ICU patient's lungs is no 
substitute for I put the ICU patient on the ventilator, which 
clearly conveys that J (not another physician) ordered the 
ventilation and that a ventilator (not another device) was 
used, but does not assert that I ventilated the patient myself 
(I only put the patient on by writing an order). When so 
many patients are put on a diet or on hyperalimentation, 
why may not ours be on a ventilator, or on controlled 
ventilation? 


Post- and Pre-. Post-operation is awkward, but post- 
induction values is fine. Like post-war and post-impressionism, 
post- prefixes not only adjectives (1,2). 


Rise, Raise. No, rose is not the past tense of raise, and does 
not necessarily mean upward movement in space (1,2). If 
something rises (past tense, rose) in response to an inter- 
vention, the intervention is said to have raised it. Rise is 
intransitive; raise is transitive (2). 


Ventilate. Ventilating the lungs (1) is no substitute for 
ventilating the patient when the blood and the tissue are 
ventilated along with the lungs. 

Yes, we should reject bad jargon, but let us leave room 
for precision, convenience, preference, and efficiency. Bad 
slang will pass into disuse, but good slang will “come to 
have a more formal status” (2). Where do we draw the line? 


Chingmuh Lee, MD 
Department of Anesthesiology 
Harbor-UCLA Medical Center 
1000 West Carson Street 
Torrance, CA 90509 
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In Response: 


It is a pleasure to have Dr. Lee’s suggestions. In construct- 
ing the article on jargon, my prejudices may have led me 
astray. The intent was to decrease ambiguity, and the 
silliness and pretentiousness contained in some slang (e.g., 
bagging patients), but if applied ruthlessly, this intent may 
limit the potential diversity and richness of language. Dr. 
Lee has correctly taken me to task for my ruthlessness, and 
I shall drop my opposition to the use of high, low, falling, 
and rising. I shall try to properly tense when I raise this 
issue again. Still, I would not agree with all that he 
proposes: 


1. He and I change roles in the antagonism-reversal 
controversy, where my only defense is that custom has 
made the words interchangeable. 

2. I still would not digitalize a patient. I would give 
digitalis to an effect. 

3. Dr. Lee correctly notes that intubating a person would 
not be confused with putting the patient in a tube, but 
why not be precise and note where the tube was 
placed? It is no less efficient, nor does it add to the 
richness or diversity of language to be imprecise. In the 
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same vein, I would rather kiss the lips than be indis- 
criminate. 

4. We agree that masking a patient down is a compound 
atrocity. And yes, mask induction is to the anesthesiol- 
ogist what instrument landing is to the pilot. Perhaps 
usage and economy will or do make both correct when 
neither are. However, we do land the instruments 
when we land the plane, but I have yet to see an 
anesthetized mask. 

5. Regarding on, the use of jargon in other contexts may 
(and perhaps does) excuse our error in imitating the 
errors of others. However, the logic of Dr. Lee's argu- 
ment may be turned on him. If he wishes to note that 
he ordered mechanical ventilation, why doesn’t he 
write that (i.e., that he ordered mechanical ventilation of 
the patient) rather than that he put the patient on a 
ventilator (the latter phrase, incidentally, contains no 
fewer words than the former). Furthermore, most of us 
in the operating room would not have ordered mechan- 
ical ventilation; rather, we would have pressed the 

_ buttons and turned the dials ourselves. 


In sum, I would agree with Dr. Lee’s worthy aims, 
noting that sometimes one cannot be precise and efficient at 
the same time. However, I would prefer to avoid the 
anarchy that may result from approval of convenience and 
preference. J am less concerned about drawing a line than 
about resurrecting the tower of Babel. 


Edmond I. Eger II, MD 
Department of thesia, Box 0464 
University of California, San Franctsco 
School of Medicine 

Third and Parnassus 

San Francisco, CA 94143 


In Obstetrics: There Is an Alternative 
to Water 


To the Editor: 


A recent assessment of pH values of drinks generally 
offered to parturients concluded that only water with a pH 
of 7.2 was safe, as all fruit juices and Gatorades had pH 
values below 4 (1). There is, however, another liquid, 
namely tea, that is preferred to water by many women. We 


Table 1. pH of Tea 


Beverage pH 
Regular tea (generic tea bag soaked for 5.0 
30 s in 240 mL of boiling water) 
Regular tea with 2 tsp sugar 5.0 
Decaffeinated tea (prepared as above) 5.3 
Decaffeinated tea with 2 tsp sugar 5.3 
Iced regular tea (prepared as above, then 5.0 
cooled) 


Iced decaffeinated tea 5.3 
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therefore measured the pH values of regular and decaffein- 
ated tea, both with and without sugar. Our results are 
shown in Table 1. 

We prefer to recommend the decaffeinated variety of 
tea, as the caffeine content of regular tea may increase 
gastric acidity more than it increases gastric motility. We 
consider both hot and iced decaffeinated tea safe for use 
during labor; a pH of 5.3 is at least as high as the average 
parturient’s gastric pH (2). Our recommendation of tea 
should, however, not go unrationed, as the volume of 
ingested liquid is as important as its pH. 


Lisa G. Kandell, MD 

Gertie F. Marx, MD 
Department of Anesthesiology 
Albert Einstein College of Medicine 
Bronx, NY 10461 
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Mixtures of Sodium Nitroprusside 
and Trimethaphan for Induction 
of Hypotension 


To the Editor: 


We read with interest the paper by Dr. Nakazawa et al. (1) 
on different combinations of sodium nitroprusside and 
trimethaphan. We were particularly interested to note that 
their animal studies have indicated that the optimum 
mixture of the two drugs is somewhere between 1:2.5 and 
1:5. When we first started using this combination of drugs, 
we added 12.5 mg of sodium nitroprusside and 125 mg of 
trimethaphan to each 0.5 L of 5% dextrose (2). This combi- 
nation produced hemodynamic changes that were very 
similar to those of nitroprusside alone, but allowed signif- 
icant reduction in the total dose of both drugs (3). The 
rationale behind our choice of drug dose was that we 
understood this to represent the relative potencies of the 
two agents, but subsequently we learned. (Cierpka, per- 
sonal communication) that a 4:1 “mixture” represents equi- 
molar concentrations. Now only 50 mg of trimethaphan is 
added to 12.5 mg of sodium nitroprusside in 500 mL of 5% 
dextrose and, like Nakazawa and colleagues, we have 
found that there is less tachycardia with this than with the 
original mixture (4). It is nice to see that, sometimes at least, 
laboratory work in animals does produce the same result as 
one sees in clinical practice! 


W. R. MacRae, FCAnaes 

J. A. W. Wildsmith, MD, FCAnaes 
Department of Anaesthesia 

The Royal Infirmary 

Edinburgh, EH3 9YW 

United Kingdom 
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Dr. Silverman Tries to Show That if 
“Blockade” Must Stop, Then “Train” 
Must Go 


To the Editor: 


I read Chingmuh Lee’s letter (1) with much chagrin; 
“Blockade” is out and “block” is in. 

I now find I cannot refrain, 

From criticizing the use of “train.” 

This term has been used not only by Lee, 
But by others like Hassan Ali. 

A train of impulses implies much more 
Than a homogeneous set of four. 

The engine is unique, you see: 

The first car different from 4, 2, and 3. 

If the engine pushes from the back, 

It will push train-of-four right off the track. 


David G. Silverman, MD 
Department of Anesthesiology 

Yale University School of Medicine 
333 Cedar Street 

P.O. Box 3333 

New Haven, CT 06510 
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Template for Rapid Analysis of 
the Thrombelastogram 


To the Editor: 


The thrombelastogram (TEG) provides a global indication 
of blood coagulation abnormalities that are known to occur 
especially during liver transplantation and after cardiopul- 
monary bypass (1,2). Specific TEG parameters can be mea- 
sured with a protractor and a special ruler (TEG-meter), or 
on-line with a computerized version of the thrombelasto- 
graph (available from Hemoscope Corporation, Morton 
Grove, Ill.). However, the manual devices are cumbersome 
to use, and computer analysis requires additional hard- 
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Figure 1. Thrombelastogram analyzer. 


ware, software, and expense. Thus, inspection of the TEG 
in the operating room is often limited to a general assess- 
ment of its size and shape. 

A simple instrument has been devised for rapid analysis 
of these variables (Figure 1). Printed on a clear rectangular 
template are two transverse lines, the MA and A,o, which 
are separated by two longitudinal K lines 120 mm in length 
and 20 mm apart. Millimeter scales on the MA and the Aso 
extend from the midline and are doubled so as to measure 
the total width rather than the midline-to-edge distance of 
a symmetrical TEG. A semicircular scale (a), placed on the 
MA, is marked off in degrees away from the midline, which 
is continued below the MA as the R line. The R and K lines 
are graduated at 1 min per 2-mm interval, thus correspond- 
ing to the recording speed of the thrombelastograph. 

In practice, the recording paper is secured with its edge 
parallel to that of a legal-size clipboard. The template is 
applied so that the 1-mm marks at the center of the 
semicircular scale overlie the width of the TEG at its apex, 
and the R scale is superimposed on the initial stem of the 
trace (Figure 2). The reaction time (R), the angle (a) of the 
upslope of the trace from the R point, and the coagulation 
time (K) where the K lines meet the borders of the TEG are 
read. The maximum amplitude (MA) is next sought using 
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Figure 2. Template with protractor centered over the R point. 
Values: R, 7 min; K, 4 min; a, 54°. 


the reference lines lateral to the K scales. A mark is made on 
the paper at the side of the template at the level of the MA. 
The template is then advanced with a small T-square so that 
the arrow of the MA line meets this mark, and the R line 
remains over the stem (Figure 3). The MA and the ampli- 
tude (Ago) of the trace 60 min (120 mm) after the MA are 
obtained from the respective scales. 

If the TEG shows some asymmetry, the average value of 
the angles shown by the right and left upslopes is taken as 
a (3). When the template is repositioned, the MA and Awo 
can also be determined as the means of the readings from 
the respective scales where they intersect the right and left 
edges of the trace. The readings were found to be 50 and 52 
on the MA scale as shown in Figure 3, giving a true MA of 
51 mm. Thus, five variables are easily obtained with our 
device, which combines the features of a protractor and 
linear scale. 

Rapid interpretation of the TEG permits its ready appli- 
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Figure 3. Template repositioned. Values: MA, 51 mm; Ago, 42 mm. 


cation to, and prevents distraction from, direct patient care 
during surgery. This template is a useful alternative to the 
devices currently available. 


Michael A. Lyew, FFARCS 

Ira J. Isaacson, MD 

Department of Anesthesiology 

Emory University School of Medicine 
1364 Clifton Road, NE 

Atlanta, GA 30322 
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Section Editor 
Norig Ellison 


Book Reviews 


Thoracic Anesthesia 


J. A. Kaplan, ed. New York: Churchill-Livingstone, 1991, 
769 pp, $94.95. 


This second edition of Thoracic Anesthesia is quite different 
from its predecessor published in 1983. The first edition 
was a succinctly written, clinically oriented manual that 
provided an overview of a growing field. It was published 
as a relatively easy-to-handle volume that could be read in 
its entirety during a fellow’s rotation on thoracic anesthe- 
sia. Its clinical utility was undeniable. This was a book that 
often got “legs” and disappeared from library and office 
shelves. The second edition has somewhat loftier goals. 
The preface states that the edition is to serve “as the 
definitive text in the field for anesthesia residents, thoracic 
anesthesia fellows and attendings, thoracic surgeons, in- 
tensivists, and others interested in the management of 
patients for noncardiac surgery.” To do this, the editor has 
greatly expanded the text and the size of the volume. As 
a consequence of its physical size alone, fewer residents 
will be lugging this edition around in their bookbag. 
Overall, the new edition is more comprehensive, but suf- 
fers from an inconsistent approach and poor integration of 
information. 

Additions and deletions have been made in an attempt 
to produce a definitive and updated text. Many of these 
changes are laudable. Excellent, well-written chapters have 
been added to cover anesthetic premedication of the tho- 
racic surgery patient, choice of anesthetic agents, postop- 
erative pain relief, and nutrition. Brief but well-written 
discussions of respiratory physiology, oxygen transport, 
and metabolic functions of the lung have been added. The 
chapters covering the physiology of one-lung ventilation, 
endobronchial intubation, tracheal resection and recon- 
struction, and thoracic trauma have been retained and 
thoughtfully updated. These latter chapters remain the 
definitive “textbook” monographs in the field. 

Much of the remainder of the book reads more as a 
collection of individual reviews rather than a cohesive 
whole. The large number of contributors (increased from 25 
in the first edition to 42 in the second) may be responsible 
for some of this problem. More extensive editing would 
have helped. Writing style, structure, and content vary 
considerably among and within the chapters. Individual 
reviews vary from well-referenced discussions of basic 
physiology to “cookbook” approaches with little justifica- 
tion or discussion of alternatives. There is much overlap- 
ping coverage and little cross-referencing in these chapters. 
Several chapters have been inadequately updated with few 
references from the 1980s. An entire chapter on AIDS, 
hepatitis, and the impaired physician is included, but it is 
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unclear why one would turn to a thoracic anesthesia 
textbook for information on these important topics. 

Several key topics are poorly covered. The anatomy of 
thoracic structures is addressed haphazardly. There is no 
discussion of the anatomy of the bronchial tree and lung 
(especially important for the anesthetist handling a fiberop- 
tic bronchoscope). Limited information is provided on lung 
and esophageal cancer, survival, surgical approaches, or 
adjuvant chemotherapy. For example, only one paragraph 
is devoted to the indications and effects of bleomycin; the 
effects of radiation therapy are barely mentioned. The 
chapters on lung transplantation and respiratory failure are 
already outdated. 

After years of reading and referring to the first edition 
and eagerly anticipating the revision, this reviewer was a 
bit disappointed. The focus of the book is too diffuse. 
Although neophytes will find several of the chapters use- 
ful, experienced thoracic anesthesiologists will learn little 
new. Nevertheless, the updated “classic” chapters merit 
replacement of the old edition by the new. The book is a 
worthwhile addition to a departmental library. 


William E. Hurford, MD 
Paul H. Alfille, MD 
Massachusetts General Hospital 
Boston, Massachusetts 


Perinatal Anesthesia and Critical Care 
James H. Diaz, ed. Philadelphia: W. B. Saunders, 1991, 
395 pp, $45.00. 


In a global sense, perinatal medicine involves a philosophy 
of care aimed at pregnant women, their fetuses, and in due 
course neonates. Perinatal care is provided by obstetricians, 
pediatricians, anesthesiologists, and surgeons. Perinatal 
care appears at times to be isolated, fragmented by spe- 
cialty, and narrowly focused. It should ideally be viewed as 
comprehensive care of both fetus and mother from the time 
of conception through the early transitional tasks of the 
neonatal period for the infant and the postpartum period 
for the mother. Perinatal Anesthesia and Critical Care, a 
somewhat hybrid text, is aimed at the perinatal specialist 
from any primary field. It was written to complement 
numerous existing works in both pediatric and obstetric 
anesthesia. It also was written to bridge the gap between 
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obstetrics, pediatrics, and the various anesthesia subspeci- 
alities. 

Perinatal Anesthesia and Critical Care describes in some 
detail the anatomic and physiologic changes of pregnancy, 
the pathophysiology of pregnancy, fetal life and develop- 
ment, parturition, and the transitional tasks of the new- 
born. Thoughtful and up-to-date treatment plans are pro- 
vided to meet the emergent anesthetic or supportive care 
needs of the mother, fetus, and newborn during a variety 
of normal or abnormal circumstances. The book has one set 
of chapters logically devoted to the concerns for the mother 
and fetus and another set of chapters devoted to the 
concerns about the newborn. Some of this material is 
reprinted from other texts. 

The first five chapters examine whether anesthetics are 
teratogenic, the physiologic changes of pregnancy, the 
anesthetic management of the pregnant patient undergoing 
nonobstetric surgery, maternal and fetal effects of anesthe- 
sia, and the perioperative management of the fetus under- 
going surgery in utero. These five pivotal chapters provide 
a detailed overview of critical issues. All the needed infor- 
mation is here but seemingly in the wrong sequence. It 
would have helped orient the naive reader to start the book 
with the physiologic changes of pregnancy and their anes- 
thetic implications—this is the keystone chapter. One imag- 
ines that a detailed discussion of the maternal and fetal 
effects of anesthesia would also include a thoughtful con- 
sideration of the teratogenic effects of anesthetics. These 
two excellent chapters could have been skillfully cut and 
pasted into one solid chapter. The two management chap- 
ters would then follow in a more logical sequence. 

The chapter on perinatal management of maternal and 
fetal emergencies is outstanding. It is complete and current 
in its recommendations. The chapter covers maternal/fetal 
trauma, maternal medical emergencies, umbilical cord ac- 
cidents, and emergencies secondary to the administration 
of anesthesia. A chapter on the management of premature 
birth, breech presentation, and multiple gestation comple- 
ments the prior chapter. There is no redundancy in the two 
chapters. 

The second section of the book covers the resuscitation 
of the newborn, neonatal effects of anesthesia agents and 
techniques, physiologic adaptations of the newborn, new- 
born anesthesia for a variety of conditions, and postopera- 
tive care of the newborn. The chapter describing the 
immediate survival tasks of the newborn and later transi- 
tional tasks is somewhat shallow and superficial. This 
chapter requires a more detailed discussion. In addition, 
there is some overlap and redundancy between this chapter 
and the overview chapter on neonatal anesthesia. More 
skillful editing could have repaired this defect. The re- 
maining chapters do provide outstanding overviews of 
neonatal surgical emergencies, conjoined twins, extracor- 
poreal membrane oxygenation, and hyperalimentation. 
There is, however, little discussion of postoperative respi- 
ratory care. 

The anesthetic care of the pregnant patient, her passen- 
ger (the fetus), and the newborn is not fragmented in many 
institutions. There is a continuum of anesthetic implica- 
tions for these patients as outlined in Perinatal Anesthesia 
and Critical Care. Resident educational programs that are 
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coherent and integrated could be designed along the con- 
cept of perinatal anesthesia. This book could thus be 
viewed as a primer for a solid survey course in perinatal 
anesthesia. The hybrid nature of the book is, indeed, its 
unique selling proposition. The skilled reader can later 
integrate this knowledge with other texts in obstetric, 
neonatal and pediatric anesthesia, and pediatric critical care 
medicine. 


D. Ryan Cook, MD 
Children’s Hospital of Pittsburgh 
University of Pittsburgh 
Pittsburgh, Pennsylvania 


Yearbook of Anesthesia, 1991 


Ronald D. Miller, Robert R. Kirby, Gerald W. Ostheimer, 
Michael F. Roizen, and Robert K. Stoelting, eds. 
St. Louis: C.V. Mosby, 1991, 398 pp, $57.95. 


There is a 30-plus year history of the Yearbook of Anesthesia 
making attempts to screen the ever-expanding literature as 
it pertains to anesthesia and anesthesia-related topics. To 
accomplish this awesome task, the editors have reviewed 
312 articles in 74 journals—with more than a little attention 
being given to those journals not ordinarily read by the 
average practioner of anesthesia. They hold fast to their 
own stated goals: “to seek out those anesthetic-related 
articles that provide a broad spectrum of clinical and 
scientific data as they relate to anesthesia.” They have also 
noted that there are an increasing number of articles being 
published that have to do with the cost and efficiency of 
operating room utilization. They begin to appear in this 
issue, and there is promise that this increase in interest will 
undoubtedly continue. 

The 312 articles reviewed have been arranged into 14 
chapters, making for a well-designed and cogent table of 
contents that makes for easy access to areas of interest. A 
wide range of topics is covered and, a wide variety of 
interests have been addressed. New to this edition are 
chapters dedicated to coagulation and to special patient 
groups (covering endocrine problems, the elderly, and the 
obese patient). The section on outcomes has been retained 
as part of a new general chapter that also addresses 
anesthetic practice and AIDS. There is no lack of graphs, 
bar-graphs, tables, and drawings so that much of the pith 
of the original publication is retained. One CT scan photo 
and one black-and-white photo are included in the illustra- 
tions. 

The main strength of the book, aside from its wide range 
of topics and wide variety of interests served, is also its 
main weakness: the editorial comments. Like the little girl 
in the nursery rhyme, when they are good (and they most 
frequently are) they are very, very good but when they 
are bad (which is not often the case) they are—at best, 
parochial. Not infrequently the reader is left with a non- 
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sequitor or an errant thought that adds nothing to what has 
gone on before. Happily, this is not a common occurrence, 
and the editorial comments are generally well done and 
welcome. 

For a quick review of pertinent anesthesia literature and 
as a guide to what is current in the field, the Yearbook of 
Anesthesia fulfills the promise it makes by its very name. It 
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should be beneficial to the resident and the practicing 
anesthesiologist. 


Stephen J. Prevoznik, MD 
Hospital of the University of Pennsylvania 
Philadelphia, Pennsyloania 


Classified Advertising 


OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal Op- 
portunity, Affirmative Action Employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

701E/L 


CARDIOVASCULAR FELLOWSHIP 
OPPORTUNITY 
The Department of Anesthesiology at the 
University of New Mexico School of Medi- 
cine has openings at the CA4 level for 
advanced training in Cardiovascular Anes- 
thesiology beginning July 1992. The fellow- 
ship is a 2-year, comprehensive program 
designed to train the fellow for a career in 
cardiovascular anesthesiology. Research in 
cardiovascular physiology and anesthesia, 
provision of clinical care for complex adult 
and pediatric cases, participation in confer- 
ences, and teaching responsibilities are part 
of the fellowship experience. Interested in- 
dividuals should contact Jorge Estrin, MD, 
PhD, Professor and Chairman, Department 
of Anesthesiology, University of New Mex- 
ico, School of Medicine, Albuquerque, NM 
87131-5216; (505) 272-2610. The University 
of New Mexico is an Equal Opportunity, 
Affirmative Action Employer. 

730H/L 


THE UNIVERSITY OF NEW MEXICO 
Department of Anesthesiology has an im- 
mediate opening for a Veterans Adminis- 
tration Chief of Service for Anesthesia at 
the New Mexico Regional Medical Facility 
(VA Hospital) in Albuquerque. Require- 
ments include proven administrative, 
teaching, and leadership abilities, academic 
experience, and board certification. Ap- 
pointment will be at the Associate Profes- 
sor level. Qualified candidates should send 
CV or contact Jorge A. Estrin, MD, PhD, 
Professor and Chairman, Department of 
Anesthesiology, University of New Mex- 
ico, School of Medicine, Albuquerque, NM 
87131-5216; (505) 272-2610. The University 
of New Mexico is an Equal Opportunity, 
Affirmative Action Employer. 

731H/L 


THE UNIVERSITY OF NEW MEXICO 

Department of Anesthesiology has faculty 
sitions beginning July 1992 for the fol- 

owing: (1) Obstetrical Anesthesia at the 


Assistant, Associate, or Full Professor lev- 
els; (2) Critical Care Medicine at the Assis- 
tant or Associate Professor level. It is ex- 
pected that candidates tor CCM positions 
will have or be eligible for subspecialty 
certification. Faculty responsibilities in- 
clude provision of clinical care, teaching, 
and research. Qualified candidates should 
send CV or contact Jorge A. Estrin, MD, 
PhD, Professor and Chairman, Department 
of Anesthesiology, University of New Mex- 
ico, School of Medicine, Albuquerque, NM 
87131-5216; (505) 272-2610. The University 
of New Mexico is an Equal Opportunity, 
Affirmative Action Employer. 

732H/L 


THE UNIVERSITY OF NEW MEXICO 
Department of Anesthesiology has faculty 
positions at the Instructor, Assistant Pro- 
fessor, and Associate Professor levels be- 
ginning July 1992. Responsibilities include 
teaching of medical students and residents 
and the provision of clinical care in a busy 
tertiary referral center. Opportunities to 
pursue research interest will be provided. 
Experience in cardiac, obstetric, neurosur- 
gical, and pediatric anesthesia is desirable. 
Qualified candidates should address in- 
quiries to Jorge A. Estrin, MD, PhD, Pro- 
fessor and Chairman, Department of Anes- 
thesiology, University of New Mexico, 
School of Medicine, Albuquerque, NM 
87131-5216; (505) 272-2610. The University 
of New Mexico is an Equal Opportunity, 
Affirmative Action Employer. 

733H/L 


DEPARTMENT OF ANESTHESIOLOGY 
St. Louis University School of Medicine is 
seeking board-qualified or certified full- 
time faculty to fill newly created positions 
to meet the needs of the expanding resi- 
dency program and new expanding hospi- 
tal facility. Training and interests in the 
subspecialty areas of pediatrics, cardiovas- 
cular, pain, and neuroanesthesia are desir- 
able. These clinical/teacher positions will 
also promote academic interests and re- 
search development. Participation in the 
residency training program is essential. 
The university is committed to affirmative 
action. Inquiries should be directed to John 
F. Schweiss, MD, Chairman, Department 
of Anesthesiology, St. Louis University 
School of Medicine, 3635 Vista Avenue at 
Grand Boulevard, St. Louis, MO 63110- 
0250; telephone (314) 577-8750. 

772)/E 


TWO PEDIATRIC ANESTHESIOLOGISTS 
Virginia Coast—needed to join MD/CRNA 
staff of university-affiliated children’s hos- 
pital serving a diverse regional population. 
Fellowship or experience in pediatric anes- 
thesia and toard certification or eligibility 
required. Full spectrum of surgery. Re- 
sponsibilities include clinical anesthesia 
and resident/CRNA education and supervi- 
sion. Supert location on southeastern Vir- 
ginia coast within easy access to beaches, 
mountains, and Washington, D.C. Salary 
commensurate with training and experi- 
ence, complemented by an excellent benefit 
package. For more information contact 
James Mayhew, MD, Pediatric Anesthesi- 
ology, Room 315, Children’s Hospital of 
The King’s Daughters, 800 West Olney 
Road, Norfolk, VA 23507. AA/EOE. 
821L/E 


PRIVATE PRACTICE OPPORTUNITY 
For fellowship-trained MDA interested and 
experienced in acute and chronic pain man- 


CLASSIFIED ADS 


Anesthesia & Analgesia makes available classified 
advertising space for those interested in obtain- 
Ing positions or wishing to announce meetings, 
postgraduate courses, or other pertinent events. 
We require that all advertisements be relevant to 
the practice of anesthesia and analgesia, and we 
reserve the right to refuse adv ments that 
are not relevant. 

Specifications. Ads should be 
letterhead stationery; the text sh 
spaced, with the title or key 
capital letters. Enclose two photocopies with 
each ad. Display space ( um M page) is 
available through rmaceutical Media, Inc., 


tten on 
d be double- 


hrase typed in 


440 Park Avenue South, 14th foor, New York, 
NY 10016, telephone: (212) 685-5010, FAX: (212) 
685-6126. 


Rates. Ads cost $1.50 per word per insertion, 
with a miwmum of 20 words. Abbreviations; 
dates, initials, post office box numbers, tele 
phone numbers, years, and zip codes are con- 
sidered one word each. There is an additional 
fee of $18.00 per insertion for box number ads.* 

Payment. Full payment or institutional pur- 
chase order must accompany the copy for each 
ad. Ads received without a check or purchase 
order will be returned. (Make checks payable to 
Elsevier Science ee Inc.) 

Deadline. Copy must be received 7 weeks 
before publication date (i.e., by January 1 for the 
March issue); multiple-insertion ads are wel- 
come. Ads may run to 6 months per pur- 
chase order‘payment. Please specify in which 
issue(s) your advertisement is to appear. 

Send all ed copy, payments, and correspon- 
dence to: Anesthesia & Analgesia, Classified Ads, 
Desk Editoral, Elsevier Science Publis Co., 
Inc., 655 Avenue of the Americas, New York, 
NY 10010. 

“When responding to a box number ad, in- 
clude the box number on all correspondence. 
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agement. Currently seeing greater than 600 

se dale “alae tae patients per month in hospi- 

practice. Send CV and three ref- 

erences to Diana Bird, c/o Medaphis, 3212 

West End Avenue, Suite 500, Nashville, TN 
37203. 

837 A/F 


ANESTHESIOLOGIST 
Department of Anesthesiology at the 
SUNY Health Science Center in Syracuse, 
N.Y. is recruiting faculty at the instructor, 
assistant, and associate professor levels. 
Qualified individuals with a strong aca- 
demic commitment in all types of anesthe- 
sia, critical care, and pain management are 
sought. SUNY Health Science Center is a 
tertiary-care center and provides clinical 
services also to the Syracuse Veterans Ad- 
ministration Hospital. Rank and salary are 
commensurate with erience. Must be 
board certified or board eligible and pos- 
sess a New York State medical license. 
Please send letter, curriculum vitae, and 
names, addresses, and phone numbers of 
three references to Enrico M. Camporesi, 
MD, Professor and Chairman, Department 
of Anesthesiology, SUNY Health Science 
Center, Syracuse, NY 13210. The State Uni- 
versity of New York Health Science Center 
is an Equal Opportunity/AA Employer. 
858C/E 


CARDIAC ANESTHESIOLOGY FELLOWSHIP 
CA-3 and CA-4 fellowship positions avail- 
able starting July 1992. Full s adult 
cardiac surgery. Opportunity for extensive 
training in invasive monitoring and trans- 
esophageal echocardiography. Research 
opportunities in cardiac pharmacology, 
physiology, and TEE. Please contact 
Z. Hillel, MD, PhD, Director, Cardiac An- 
esthesia, St. Luke’s/Roosevelt Hospital, 
Amsterdam Avenue at 114th Street, New 
York, NY 10025. 

863C/E 


RESIDENCY IN ANESTHESIOLOGY 
The sp kevin of Anesthesiology and 
Critical Medicine at the University of 
New Mexico School of Medicine is expand- 
ing its residency program. Qualified appli- 
cants for the CA-1 to CA-3 levels starting 
July 1992 are invited to write to Director of 
Education, Department of Anesthesiology, 
UNM School of Medicine, Albuquerque, 
NM 87131-5216. The University of New 
Mexico is an Equal Opportunity Employer. 
864C/F 


UCLA—DEPARTMENT OF 


ANESTHESIOLOGY 
LIVER TRANSPLANT FELLOWSHIP—De- 
partment of Anesthesiology, UCLA e 


of Medicine, active transp ant service (2 
E print dees Clinica and/or lean re- 


oi nn: on applicant’s qualifica- 


tions. Address inquiries to Marie Csete 


Prager, MD, UCLA Department of Anes- 
thesiology, 10833 Le Conte Avenue, Los 
Angeles, CA 90024-1778. Equal Employ- 
ment Opportunity (M/F) Employer. 


The Department of Anesthesiology at the 
University of Texas Medical School in 
Houston is recruiting faculty at assistant 
professor, associate professor, and profes- 
sor levels. Applicants must be board certi- 
fied or Bead eligible and able to obtain a 
Texas medical license. The faculty positions 
include responsibilities for teaching, super- 
vising and providing patient care, and par- 
ticipation in clinical or laboratory research 
and administrative functions of the depart- 
ment. The department has significant and 
expanding responsibilities in the areas of 
pain management, obstetrical anesthesia, 
neuroanesthesia, cardiac and vascular an- 
esthesia, and hyperbaric medicine. Inter- 
ested individuals should send a copy of 
curriculum vitae and names, addresses, 
phone numbers, and permission to contact 
three reference sources. Information 
should be sent to Alan S. Tonnesen, MD, 
Acting Chairman, Department of Anesthe- 
siology, University of Texas Medical 
School, 6431 Fannin, Houston, TX 77030. 
The University of Texas is an equal oppor- 
tunity employer. Women and minorities 
are encouraged to apply. 

873C/H 


PEDIATRIC ANESTHESIOLOGIST 
Children’s Hospital of Michigan's current 
group of nine full-time staff are working 
with a growing teaching and case load, 
indicating the need for an additional two 
staff members (one with Pediatric Critical 
Care interest). Call (313) 745-5535 or send 
CV to Department of Anesthesiology, Chil- 
dren’s Hospital of Michigan, 3901 Beau- 
bien, Detroit, MI 48201. 

843BDEF 


DIRECTOR OB ANESTHESIA 

Board certified, 1-year OB fellowship, sev- 

eral years practice with administrative 

experience. Call (301) 365-7580. Write Di- 

rector of Anesthesia, Columbia Hospital, 

2425 L Street NW, Washington, DC 20037. 
874DE 


PAIN FELLOWSHIP, HOUSTON, TEXAS 

The Pain and Symptom Management Sec- 
tion of the Department of Neuro-Oncology, 
University of Texas M.D. Anderson Cancer 
Center, offers 1- or 2-year pain fellowships. 
Emphasis is on the multidisciplinary ap- 
proach to acute and chronic cancer pain 
management. Extensive clinical exposure 
in both inpatient and outpatient care is 
combined with opportunity for clinical and 
basic science research. A joint position with 
the Hospice at the Texas Medical Center is 
available for comprehensive training in pal- 
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liative care of the terminally ill. A teil 
should be eligible for Texas beers 
sure. Direct inquiries to: §. M. TEEN 
MD, Department of Neuro-Oncology, Pain 
and Symptom Management Section, M.D. 
Anderson Cancer Center, 1515 Holcombe 
Boulevard, Box 8, Houston, TX 77030; (713) 
792-2824. 

876D/F 


ANESTHESIOLOGIST 
The Salt Lake City, Utah, VA Medical Cen- 
ter is recruiting for a staff anesthesiologist. 
Will consider full-time or part-time appli- 
cants. Our acute care facility lies in the 
heart of the Salt Lake Valley and is within 
minutes of numerous outdoor activities. 
The Medical Center is affiliated with the 
University of Utah School of Medicine. 
Position offers an ideal mixture of clinical 
practice and teaching. Attractive special 
pay compensation available. Send CV to 
Hiroshi Kamaya, MD, Chief, Anesthesia 
Service (112A), VA Medical Center, 500 
Foothill Boulevard, Salt Lake City, UT 
84148 or call (801) 582-1565, Ext. 1607. 
878DE 


THE DEPARTMENT OF ANESTHESIOLOGY, 
MEDICAL COLLEGE OF PENNSYLVANIA 
invites applications for board-certified or 
board-eligible faculty at the instructor, as- 
sistant professor, and associate professor 
levels. A full range of anesthesia patient 
care services are provided by our faculty at 
the Hospital of MCP, Friends Hospital, and 
The Pennsylvania Eye Surgery Institute. 
Located in Philadelphia, MCP includes a 
medical school, graduate school, and 450- 
bed teaching hospital. MCP is a member of 
the Allegheny Health Education and Re- 
search Foundation. Interested individuals 
are encouraged to contact Alan Jay 
Schwartz, MD, MS Ed, Professor and 
Chairman, Department of Anesthesiology, 
Medical College of Pennsylvania, 3300 
Henry Avenue, Philadelphia, PA 19129. 
Phone (215) 842-6798, FAX (215) 843-3996. 
MCP is an Equal Opportunity Employer. 
881D/F 


MICHIGAN 
Anesthesiologist BC/BE needed immedi- 
ately for incorporated group of six MD 
anesthesiologists in 581-bed medical cen- 
ter. All s of anesthesia including OH. 
Excellent cial package first year lead- 
ing to partnership. Send CV to Anesthesi- 
ology Associates of SE Michigan MD, PC, 
1011 Patrick Street #19, Flint, MI 48503. 
883D/F 


ANESTHESIOLOGIST DESIRED— 

COSTAL NJ 

Immediate opening for BC or BE MD/DO to 
join an expanding group practice of 10 
MDAs and 9 CRNAs covering a 500-bed 
regional medical center composed of two 
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hospitals performing over 9000 anesthetics. 
All types of anesthesia except OH. Great 
opportunity for energetic well-trained indi- 
vidual. Unlimited opportunity and out- 
standing lifestyle in a family-oriented sea- 
shore community. Very competitive 
financial package. Please reply with CV to 
S. Hernberg, DO, Chairman, Department 
of Anesthesiology, 1925 Pacific Avenue, 
Atlantic City, NJ 08401. 

884DE 


UC SAN DIEGO: ANESTHESIOLOGY 
FELLOWSHIP IN PAIN MANAGEMENT 

The Pain Service in the Department of 
Anesthesiology at the University of Califor- 
nia San Diego is seeking a board-eligible/ 
board-certified anesthesiologist for a pain 
fellowship. 

This is a 1- or 2-year position that offers 
training in pain evaluation, treatment, and 
clinical and laboratory research. We seek a 
highly motivated anesthesiologist to partic- 
ipate in a comprehensive pain evaluation, 
including pharmacologic management, 
psychologic aspects, neural blockade, and 
other interventional treatment of acute, 
chronic, and cancer pain. Applicant must 
possess strong interest in regional anesthe- 
sia and desire one-on-one patient contact. 
Laboratory research opportunities directed 
at the mechanisms of opiate action and 
local anesthetics, and the molecular phar- 
macology of opiate receptors, are available. 
AA/EOE. 

Applicants must be eligible for California 
medical licensure and should send CV and 
three (3) letters of recommendation to: 
Harvey M. Shapiro, MD, Professor and 
Chairman, Department of Anesthesiology, 
8812, UCSD Medical Center, San Diego, 
CA 92103-8812. (619) 543-3162. 

885D/F 


PORTLAND, OREGON 
Opportunity: Suburban hospital seeks 
board-certified or board-eligible anesthesi- 
ologist. No OH, Neuro, rare OB. Hospital 
is part of the Sisters of Providence, a large, 
West Coast health care corporation, and is 
located 15 minutes from downtown Port- 
land, Oregon. Excellent opportunity for 
one or two additional anesthesiologists, 
2400+ cases annually. Send letter of appli- 
cation and resume to Jonathan Blatt, MD, 
Department of Anesthesiology, Providence 
Milwaukie Hospital, 10150 SE 32nd Ave- 
nue, Milwaukie, OR 97222. 

886DE 


ILLINOIS: ANESTHESIOLOGIST 

To join congenial group of MDs/CRNAs 
expanding to provide anesthesia coverage 
for only hospital in city since recent 
merger. No open heart or neurosurgery. 
Environment conducive to family living, 
variety of schools, recreation. Good oppor- 
tunity with stable future. City located in 
east central Illinois with population of ap- 


proximately 40,000 (35-mile radius service 
area with 126,126 population). Within driv- 
ing distance of Chicago and Indianapolis. 
Please send CV to Box 887D/L. 

887D/L 


EASTERN PENNSYLVANIA 
Hospital needs two board-certified/board- 
eligible anesthesiologists to join a fee-for- 
service group in a 225-bed progressive hos- 
pital. Applicants must be a PGIV 
preferrably with pain management, resi- 
dency rotation. Reply to Box 888D/I. 
888D/1. 


QUEENS, N.Y. 
Anesthesiology group seeking BC/BE part- 
time employee for busy OR at university- 
affiliated 500-bed hospital. Anesthesia pro- 
vided for all types of surgery except open 
heart; minimal OB. No night or weekend 
call, liberal vacation, malpractice paid. Sal- 
ary negotiable. Please send CV to Box 
890D/F. 

890D/F 


BAYLOR COLLEGE OF MEDICINE, 
HOUSTON, TEXAS 
The Department of Anesthesiology is invit- 
ing applications and nominations for fac- 
ulty positions at assistant professor and 
associate professor levels. Fellowship posi- 
tions are also available in cardiovascular, 
obstetrical, and pediatric anesthesia. These 
positions offer excellent opportunities to 
develop an academic career in a depart- 
ment with excellent clinical and research 
resources and facilities. We are interested 
in qualified candidates in general anesthe- 
sia, and some positions require cardiovas- 
cular or pediatric anesthesia subspecialty 
training and experience. Qualified candi- 
dates should send CV to William F. 
Childres, MD, Chairman, Department of 
Anesthesiology, Baylor College of Medi- 
cine, 6550 Fannin, Suite 1003, Houston, TX 
77030. Baylor College of Medicine is an 
Affirmative Action/Equal Opportunity Em- 
ployer. 

891D/F 


BC/BE anesthesiologist for a 500-bed ter- 
tiary hospital in a Florida coastal city. Im- 
mediate opening. Liberal salary and early 
partnership. Send resume to Box 892D/F. 
892D/F 


UPSTATE NEW YORK 

Hudson River Valley—Columbia-Greene 
Medical Center is recruiting four fee-for- 
service anesthesiologists including a chief. 
Financial guarantee. C-GMC is located 80 
miles north of NYC and 30 miles south of 
Albany. No neuro, open heart, or sick 
neonates. Staff and administration are sup- 
portive. Clear opportunity for growth. Of- 
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fice support available. Send CV and date of 
availability to Susan Bane, MD, Medical 
Director, C-GMC, 71 Prospect Avenue, 
Hudson, NY 12534. 

893D/G 


TENNESSEE 
Expanding department requires additional 
anesthesiologists. Full-time positions avail- 
able at levels of instructor to associate pro- 
fessor with emphasis on teaching, patient 
care, and clinical research. Prerequisites: 
(1) meet Tennessee license requirements. 
(2) ABA diplomat or eligible for ABA exam- 
ination. All subspecialties needed. Excel- 
lent opportunity for anesthesiologists who 
want an ideal mix of private practice with 
teaching and clinical research. Send curric- 
ulum vitae, bibliography, and the names 
and addresses of three references to Roger 
S. Cicala, MD, Department of Anesthesiol- 
ogy, University of Tennessee, Memphis, 
800 Madison Avenue, Memphis, TN 38163. 
The University of Tennessee is an Equal 
Opportunity Employer/Affirmative Action 
Register/Title IX/Section 504 Employer. 
894E/G 


6 MONTHS PER YEAR 
Need well-trained anesthesiologist partner 
for flexible 6 months per year. Regional 
Medical Center. Interest and ability in 
basic pain management, ICU, OB, and OR 
anesthesia required. Financial package 
$100,000-$125,000. Michael Boyer, MD, 2 
Clark Bass Boulevard, Suite 104, McAl- 
ester, OK 74501, (918) 426-5516. 

895E/G 


The University of California, Irvine, Col- 
lege of Medicine, is seeking a candidate for 
a tenured position as professor and chair of 
the Department of Anesthesiology. The 
candidate must be an accomplished inves- 
tigator, clinician, teacher, and administra- 
tor of high national standing. Send CV plus 
names and addresses of three references to 
Ricardo Asch, MD, Chair of Search Com- 
mittee, c/o Janet Nash, Room 246 Irvine 
Hall, College of Medicine, University of 
California, Irvine, Irvine, CA 92717. UCI is 
an Affirmative Action, Equal Opportunity 
Employer. 

899E 


DEPARTMENT OF ANESTHESIOLOGY 
The Department of Anesthesiology at the 


Dartmouth-Hitchcock Medical Center in 
Hanover, New Hampshire is seeking 
board-certified/board-eligible anesthesiolo- 
gists to join the faculty. The successful 
applicants should have formal training be- 
yond the 3-year continuum in a subspe- 
cialty of anesthesiology practice or have 
recognized skills in a subspecialty area of 
anesthesiology in lieu of formal fellowship 
training. Pain management, pediatric anes- 
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sagen and pediatric critical care would 
articularly desirable. The successful 
idates must have a commitment to 
reaching medical students and residents, in 
addition to their own clinical expertise. The 
ability and desire to do clinical and/or basic 
research is essential. The individuals will 
be employees of the Hitchcock Clinic and 
will receive appropriate academic appoint- 
ments as members of the faculty of Dart- 
mouth Medical School. 

The Dartmouth-Hitchcock Medical Cen- 
ter is committed to Affirmative Action and 
is an Equal Opportunity Employer. 

Inquiries and resumes should be directed 
to the Chair of the Search Committee: 
D. David Glass, MD, Professor and Chair- 
man, Dartmouth-Hitchcock Medical Cen- 
ter, One Medical Center Drive, Lebanon, 
NH 03756. 

900E 





RUSH-PRESBYTERIAN-ST. LUKE'S 
MEDICAL CENTER 
The Department of Anesthesiology at 
Rush-Presbyterian-St. Luke’s Medical Cen- 
ter is seeking a board-certified or board- 
eligible anesthesiologist with a background 
in either internal medicine or critical care. 
Faculty will play an active role on the 
teaching service in the surgical intensive 
care unit and have a major role in a busy 
tertlary-care operating room. The SICU 
treats all surgical patients, including open 
heart and liver transplant patients. An ac- 
. tive role in residency training and clinical 
research is essential. Academic titles and 
compensation commensurate with experi- 
ence and credentials. RPSLMC is an Equal 
‘Opportunity Employer. Send letter of ap- 
plication and curriculum vitae to Anthony 
D. Ivankovich, MD, Chairman, Depart- 
ment of Anesthesiology, 1653 West Con- 
gress Parkway, Chicago, IL 60612. 
i 901EF 


WASHINGTON, D.C. 
Positions available immediately and during 
the next year for full-time BE/BC anesthesi- 
ologists to join a growing MD/CRNA prac- 
tice. Large ambulatory and challenging ter- 
tiary-care caseload including all specialties 
except pediatrics at University-affiliated 
hospital. Reasonable call schedule with 
competitive compensation package and 
partnership after 1 year. Send or fax CV to 
Barney S.H. Feinstein, MD, Chairman De- 
partment of Anesthesia, Washington Hos- 
pital Center, 110 Irving Street, NW, Wash- 
ington, DC 20010; Fax number (202) 877- 
5564 or call collect (202) 877-7500. 
872CEGIK 


DON’T PROCRASTINATE. 
Prepare early for the [TE/written boards. 
Unique study program with practice ques- 
tions and answers with explanations, 
guessing techniques, Keywords 1991, and 
much more. Call the original MEDTEXT: 
1-800-695-6301; 24 hours. MC/V accepted. 
757U/G 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS 
The unique feature of these programs is the 
maximum class size of four students. Prep- 
aration for the written and oral exams are 
given separately in 3-day blocks in San 
Fraricisco and New York. FOR THE WRIT- 
TENS, techniques are taught for dealing 
with the multiple-choice questions. The ba- 
sic sciences are stressed. FOR THE ORALS, 
the guided case discussions are stressed. 
Home study programs are provided. CALL 
(415) 321-1117. 

763UH 


Dial 1-800/RENT-A-DOC 
For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
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services to meet your specific coverage 
needs. Or work locum tenens with us for a 
change in both your practice and your . 
lifestyle. ReplaceMed * 1-800/736-8236 * PO 
Box 640 * Michigan City, IN 46360. 

832A/L 


J. STEPHENS MAYHUGH AND 
ASSOCIATES, INC. LOCUM TENENS 
ANESTHESIA SERVICES 
Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure idee! in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 
tion are supplied to you. Call 1-800-426- 
2349 any time. 

795V/H 


A WEEKEND OF MOCK ORAL EXAMS 
Mock orals, not lectures. We are the origi- 
nal course in this format. 20 hours category 
I CME credit, two board-certified instruc- 
tors, 12 students maximum. Tampa, July 
31~August 2; Dallas, August 21-23. ANES- 
THESIA EXAM REVIEW, 7128 Regents 
Park, Toledo, OH 43617. (419) 843-4480 or 
(813) 394-8780. 

896E/G 


DANIEL & YEAGER LOCUM TENENS 
Daniel & Yeager is the only name you need 
for locum tenens. Anesthesia is our spe- 
cialty, so you are assured of our personal 
attention.. Earn a premium income while 
eliminating administrative headaches and 
malpractice premiums; we cover it all. Call 
1-800-264-1919 or write to 200 Clinton Ave- 
nue, NW, Suite 400, Huntsville, AL 35801. 
898E/L 
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HEMODYNAMICS 


HISTAMINE 





Norcuron“ 


(vecuronium bromide) for injection 


No significant variations in 
blood pressure, cardiac output, 
or systemic vascular resistance.’ 


Available clinical experience 
indicates that reactions 
commonly associated with 
histamine release are unlikely 
to occur." 





RECOVERY 


To 25% of control 

To 95% of control 
DOSING 6 ES 

FLEXIBILITY 


STORAGE & 
SHELF LIFE 


25-40 min’ 

45-65 min’ 

The initial recommended dose 
is 0.08-0.1 mg/kg. 

Dose can be increased 

up to 0.28 mg/kg for long 
cases without significant 
histamine release or related 
cardiovascular side effects.'*" 


2-year shelf life in lyophilized 
form at room temperature.* 
Can be reconstituted with 
various IV solutions including 
Lactated Ringers. 


* Dose of atracurium above 0.5 mg/kg is not recommended. 





Atracurium besylate 


Statistically significant variations 
in blood pressure, cardiac 
output, and systemic vascular 


resistance.' (P<.05) 


Precautions advised for patients 
in whom substantial histamine 
release would be hazardous (eg, 
clinically significant cardiovas- 
cular disease, asthma). ° 


35-45 min’ 
60-70 min’ 





Initial recommended dose is 
0.4-0.5 mg/kg. 

A moderate histamine release 
and significant falls in blood 
pressure have been seen 
following a dose of 0.5 mg/kg 
(P<.05) and 0.6 mg/kg. °°” 


2-year shelf life under constant 
refrigeration. 


Upon removal from refrigeration 
to room temperature storage, 
use within 14 days even if 
rerefrigerated.’ 


t As originally supplied by the respective manufacturers. 
+ Storage after reconstitution varies with solution. See package insert. 
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THE LOGICAL CHOICE FOR NEUROMUSCULAR BLOCKADE 


See following page for brief summary of prescribing information. 








Norcurori 
(vecuronium bromide) for injection 


Before prescribing, please comsett complete product information, a summary of which tollews: 


THIS DRUG SHOULD BE ADMENISTERED BY ADEQUATELY TRAINED INDAVIDUALS FAMILIAR WITH 
ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 


CONTRAINDICATIONS: SD E CRO EOE ay Tek 

WARNINGS: NORCURON® SHOULD BE ADMINISTERED DOSAGE BY OR UNDER THE SUPERYI- 
SION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT 
MIGHT OCCUR FOLLOWING Ae ama GT RR REVEAL EINE RE IRE ag FACILITIES FOR INTUBATION, 
ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AQAILABLE THE CLINICIAN 
RESPIRATION, TO REDUCE ae POSS OF PROLONGED NEURO- 
MUSCULAR BLOCKADE AND OTHER POSSIBLE COMPLICATIONS THAT M CUR FOLLOWING LONG-TERM USE IN 
THE (CU, NORCURON® OR ANY OTHER NEUROMUSCULAR BLOCKING 

ADJUSTED DOSES BY OR UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS 
ARGUES fn PRECAITIREL Hi pin eto en om ce chon cote te mack taniome E 
Bee ee ee oe ee eee 
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pafients some prolongation of bac a cba 
elective , a jower inal dose of Norcuron® shoud be 
Aftered jation Time: Condifions 
rc a increased volume of distribution may contribute to a deley in onset time, theretare dosage not be 


nereased 
Hapatic Disesse: | imaad experience wah chthosis or cholestasis has revealed prolonged tims in keep- 
ra rae be Per payaa Hoo tegen con. ar con OPa pital Kee 


e a A 
Sap aya Unde aranana cs aneptric 
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neusoriuscular blocking d 
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hypoxic aptsodes of varying duration, imbalance and extreme debiitalion, any of which may enhance the acions af a 
T acain, bnmoblized for oms consisiant 
with disuse muscie atrophy. The recovery picture fom regaining movement and in all muscles bo inital recov- 
ary of movement of the ai and smali muscles of a bidii tp the emalning muscies. in rare cases recovery may 
Over an extended period of ime and may even, on occasion, involve when there is a for 
mechanical ventilation, ihe ee Confinuous or ini- 
mittant botus Shr ai moron to gu een ea 
IN THE UNIT APPROPRIATE MONTONG WITH THE GSE CF A PER STIMULATOR TO 


LAR NOT BE 
RESPONSE TO T a e E ET TA IF NO RESPONSE IS ELICITED, INFUSION ADMINISTRATION SHOULD 
CONTINUED UNTIL A RESPONSE RETU 
Svar Dany Newman: Pers win cape repel dahil 


severe obesity or 
yeniay paoblems AiG sues te ee Tian eer 
Saam Upertherre harmala: May dos Ud emesis ag epee gti 
rradignant anane we keaton ca owt 
fart (we) sah wee! ora Nora cge Copa rea 
C.N.8.: Norcuron® has no known effect on consciousness, fhe pain threshold or Aam mus be accom- 
led anesthesla or sadation. 
brug | ons: Prior administration of ne may enhance the neuromuscular blocking effect of Norcuron® 


succinyicholine may 
rare sald pet enya en sor gs wen o WE xy as Po Maat 
should be delayed unti the effect 
agent, inital doses of 0.04-0.06 mg/kg 


nondep nsec Bong 2g Ganon d- to an ar e 
= cll rd a these may maniest an additive etect when used 
There are insufficient data to STs ined ROTA anc es muscle relaxants in the same patient. 
tahalational Anesthetics: U of volatile inhatational anesthelics such as enflurane, isoflurane, and halothane wih 
Norcuron® will enhance neuromuscular blockade. Potentiation Is most veh usa of enflurane and fsodlurane. With the 
above agents the intial dose of Norcwon® may be [he same as with anesthesia unless the inhalational anesthetic has 
been administered for a sufficiant time at a dose to have reached clinical equillbrium. 
Antibloties: Parents administration of high doses of certain neuro- 
n TE O enon inten raye es, ER; DO eke 

as neomycin, kanamycin, gentamicl rostreptomycin); letracyclines; bacitracin; 
cofistin, and sodium H these or other newty Introduced and bisses are usad in conjunction with UNEX 
peded p of neuromuscular block should be considered a possibility. 
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: conce ming | of during recovary from use of other muscie rataxants suggest that recurrent 
ay cr Ths poste be considered for Narcuror®. Norcuron® induced neuromuscular blockade has 


counteracted Bee aA Cea ad ra tag bae ote sea tea 
which lead to imbalance, such as adranal cortical ator neworuscuter blockade, 
Depending an the of io ialen: alle enhancenent ot hil a epoca Maren sas, sins 


for tha management of pect i eA al 
Carcipogenesis, Metagenesis, Lapairment of Fertility: Long-term studies in animats have not been performed to 
evaluate carcinogenic or mutagenic potential or impairment of 


ty. 
A aan Animal reproduction studies have not been conducted with Norcuror®. i fs atso not 
ee Cari CAE eae a ae 


blocking agents as 2 class consists of an 

Grea dite dus: action beyond the time perhod needed. Set gaa 
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in the intensive care unt (see 


effects. Residual neuromruscutar beyond the 


Respiratory be due te ya pata oe gs sada fe coc 
Such s$ narcotics, iiobarbituraies and ofher central nervous 
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ea neuromuscuiar Dincicade. ee Seven ear Re ook peg etd tees 
df pea ab feed me Before prescribing, consult completa information. N 


product orcuron® (y 
urontum beomide) for injection is for intravenous use only. should be administered by or under the supervis? 
soviet ala wl teens Dosage must ba individualized in sach 
dosage [nformalion follows is derived from studies based upon units of drug per unit of body weight and Is inte» 
sa ral A ANa enhancement of neuromuscular blockade of by votate anesthe’ 
by prtor use of PRECALITIONS/Drug Insscations Parenteral drug products should ba Inspected 
hor rater and ecuvet iar o solukon and container 

0 obtain mendntum clinical benefits of Norcuran® and to minimize the possibility of overdosage, fhe monikoring of 


twiich responsa io peripheral nerve stimulaiion is advised. 
lh Al Saa a ecole ie TOA D TOONI L US Ke Eig as an intravenc 


This dose can be expected lo produce good or excellent In 25 to 3 mk 
injection. Under balanced anesthesia, clinic a r E AN E nT 
recovery io 26% of control 25 bo 40 minutes after Infection and recowary bo 95% of contral achi 
lal! farce frill Al ped carl E acrath the 
fs enhanced. E Norcuron® is first administered more than 5 minutes after the start OF Ym 
y E E e T R T ACT A ee eee Łe 0.060 to 0.085 
aiministration of the effect of of No: 


H intubation is performed using suceinyich See E E E E 
anesthesia and 0.05-0.06 with balanced anesthesia may 


During prolonged procedures, aa n OUI w C'S of Norcuron® are recommended>= 
oleh Nr Riel yc E Ta el i equ wt 25 4 ins Foner he 
ria should be used to determine the need bor maintenance Norcuror® lacks clinically important cumutatia 


intenvats for each patient, ranging 


i be administered.) 
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ba ed se 8 during under hatothane anesthesia without [fi affects 
med as long as vaniiation is properly 
Colao ison Alan iby dose o 80-100 pt, aca sino can » 
apolni tater. infusion of Nomuon® shouid be inilaiod only alier avidence 
bolus dose. fo lyon er rl a in the Intensive care unii has po- 


ip the peflert’s twitch response as determined by peripheral nerve stimulaiion. An intial rale of 7 is Pacomyn 
with the raie of the infusion adlusied thereafter to maintain a 90% suppression of twitch meponss. infusion rat 


trom 6.8 to 1.2 
“haion particularly enflurane and tsollurane may enhance the neuromuscular acon of non- 
musce relaxants. in the presence of concentrations of enflurane or isoflurane, f may be neces 
fhe intubating dose. Under halothane anesthesia I may not t 


essary io reduce the rats 
ei pair a TEO aa discanfinuaton of Norcuror® infusion may 
expected ip proceed ai rales comparable following a Oss. 
indusion solulfons of Norcuron® can bs by mbdng with an eppropriats infusion solution such as 


in waler, 0.9% NaCl, 5% glucose in saline, or Lactated Ringers. Unused parlons of infusion solutions shouid } 
indusion rates ol Norcuran® can be individualized for sach patient using the following babie: 
Drug Deilvery Rate (g/kg/min) infusion Deilvery Rate (mLAginin) 


0.1 mg‘mL* 0.2 mgmLt 
07 6.007 0.0035 
0.8 0.008 0.0040 
0.9 0.008 0.0045 
1.0 0.018 0.0050 
1.1 0.011 0.0055 
12 0.012 0.0060 
1.3 0.013 0.0065 


“10 mg of Norcuron® in 400 mL solution +20 mg of Norcuron® in 100 mL sotution 
The following table ts a guidefina for mL/min delivery for a solution of 0.1 mg/ml (10 mg in 100 mL) with an infusion pu» 
NORCURON® INFUSION RATE — mL/MIN 





Amount of Drug Patient Weight — kg 
40 50 60 70 & 90 1 
0.7 0.28 0.35 0.42 0.49 0.56 0.63 0 
0.8 0.32 0.40 0.48 0.56 0.64 0.72 0 
0.9 0.36 0.45 0.54 0.63 0.72 0.81 0 
1.0 0.40 0.50 0.60 0.70 0.80 0.90 1 
1.1 0.44 0.55 0.66 77 0.88 0.99 1 
12 0.48 0.60 0.72 0.84 0.96 1.08 1. 
13 0.52 0.65 0.78 0.91 1.04 1.17 1. 
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infusion af vecuronium in chidren, the 
recommendation can ba made. 
COMPA BILITY: Norcuron® is compalibie In solution with: 
NaCl Steril water for Lactated Ringers 
5% glucosa in water 5% guucose in saline 
Use within 24 hours al maxing with the above solutions. 
eee Ot De SOW Pe ee eee es ae Soe ai Dacre 
ever solution and container permit. 
HOW SUPPLIED: 
IO TI VE telly ae Ome erp of diluent (bacterlostatic water far Injection, USP). 
22 g 114" needle,  Boxesof10 NDC No. 


10 mL vials (10 Caen ge te as Oval CAES et me heen Se) 

Boxes of 10 Na. 0052-0441-1 

10 mL. vials (10 mg vecuronium bromide) onty; DILUENT NOT SUPPLIED. Boxesol10 NDC No. 0052-)441-k 
20 mL viaks EG  DALUENT NOT SUPPLIED.  Boxesot10 NDC No. 0052-442-4 


AFTER 
e When reconstituted ic waler for injection: CONTAINS BENZYL ALCOHOL, WHICH IS NOT 
ve applied ec Use win 5 days. May be sired at room tam or refrigerated. 
solutions: Reiigerale vial. Usa within 24 hot 


reconstiuted wih sterile water for infection or other compatible LV. 
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ith the administration of continuous IV 

anesthesia becoming more prevalent 

in today's O.R., it's good to know that 
an accurate, reliable and cost effective means 
of IV. drug delivery is available to keep pace 
with this trend. 


Medfusion's model 2010 syringe infusion pump 
is your body weight calculator. It allows you to 
deliver a specified dose in either mcg/kg/min, 
meg/kg/hr, mg/kg/min or mg/kg/hr by simply 
entering in the appropriate concentration, patient 
weight, bolus amount and mass units. 


Other features like automatic syringe size sen 
ing, the ability to accept all syringes (1ml thru 
60 ml) and the capability to administer a bolu 
or change the infusion rate without stopping 

the pump, make the 2010 just what the doctc 


ordered. 
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Bair Hugger’ 
Warming 


Cotton 
Blankets 


For years, clinicians have relied on cotton 
blankets and other ineffective means to warm 
patients. Today, a compilation of data leads to a 
staggering conclusion. The additional PACU 
time required to rewarm patients by warm 
cotton blankets costs your hospital $106 per 
patient. In this era of DRG’s and PPO’s, this is an 
expense no hospital can afford. 


The graph above illustrates data compiled from 
five independent studies: if patients are warm 
when admitted to the PACU or are actit ely 


warmed with Bair Hugger® Therapy, recovery 
time is shortened by an average of 50 minutes! 
This translates to $106 per patient. 


(A) r 


Only Bair Hugger® Therapy actively warms 
patients; only Bair Hugger® Therapy expedites 
patient care in this way. Monitor your patient's 
temperature and treat patients with core 
temperatures of less than 36°C. What savings 
would your hospital enjoy, if you gave all your 
patients a Bair Hug? For a FREE TRIAL, call 
1-800-733-7775 or your authorized dealer. 
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TURANI EE 
Lie 


AUGUSTINE MEDICAL, INC. 


PRACTICAL SOLUTIONS TO COMMON PROBLEMS IN ACUTE CARE 
10393 West 70th Street * Eden Prairie, Minnesota 55344 
(612) 941-8866 (800) 733-7775 
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_ Introducing from Roche... 





Awake and alert-effective reversal 
of sedation 


«> New MAZICON (flumazenil/Roche) rapidly and specifically reverses 
sedation produced by any benzodiazepine 


=> Promptly restores patients to consciousness—often within 
minutes of reaching an effective dose 


»» Reverses benzodiazepine sedative effects only—not the 
effects of narcotics or other CNS agents 


Adverse effects 


=> The most common side effects in clinical trials were nausea 
and vomiting (11%), dizziness (10%), agitation (3-9%) and 


injection-site pain (3-9%) 
Specific 
Reversal of 
Benzodiazepine 
Sedation 


Seizures 


"> MAZICON is associated with seizures, 
most often in patients on benzodiazepines for long-term 
sedation or who are showing signs of serious cyclic 
antidepressant overdose. Practitioners should individual- 
ize the dosage and be prepared to manage seizures. 


Worldwide experience 


“> Proven clinical experience in more than 50 countries 


Please see following pages for complete product information. 
Copyright © 1992 by Hoffmann-La Roche Inc. All rights reserved. 





1-800-756-7654 


Call today for more information. 





Prompt Reversal of 
Benzodiazepine Sedation 


Dosing and Administration 


For reversal of benzodiazepine-induced general anesthesia 
or conscious sedation: 


Initial dose: 0.2 mg (2 mL) I.V. over 15 seconds 





um /f desired level of consciousness is not 
obtained after waiting an additional 45 seconds: 


Follow-up doses: 0.2 mg (2 mL) I.V. every 60 seconds 
= Up to a maximum dose of 1.0 mg (10 mL) 
Management of resedation: 


Repeat treatment above 


Repeat treatment may be given no more often than every 20 minutes 
> No more than 1 mg total dose should be given in any 5-minute interval 


w= No more than 3 mg total dose should be given in any one hour 


Important safety information 


“= Contraindicated in hypersensitivity to benzodiazepines or MAZICON,; in 
patients taking benzodiazepines for control of potentially life-threatening 
conditions; and in patients showing signs of serious cyclic antidepres- 
sant overdose 


w=» Patients should be monitored for resedation, respiratory depression or 
other residual effects of benzodiazepines 


um MAZICON does not diminish the need for prompt detection of hypoventila- 
tion and the ability to intervene effectively by establishing an airway and 
assisting ventilation 


w= VIAZICON should not be the initial treatment for benzodiazepine-induced 
hypoventilation; the first step is assisted ventilation 


w= In patients who are dependent on benzodiazepines, MAZICON may 
precipitate withdrawal syndromes 


«5 0.1 mg/mL 


t Mazico 
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Roche Laboratories The reversal agent you've been waiting for 
) a division of Hoffmann-La Roche Inc. See important safety information about resedation. 





Available 
in 5-mL and 
10-mL vials 





MAZICON™ 
(flumazenil/Roche) 


DESCRIPTION: MAZICON™ (flumazenil/Roche) is a benzodiazepine receptor antagonist. Chemically, flumaze- 
nil is ethyl 8-fluoro-5,6-dihydro-5-methyl-6-oxo-4H-imidazo 1 ,5-a](1,4) benzodiazepine-3-carboxylate. 
Flumazenil has an imidazobenzodiazepine structure, a calculated molecular weight of 303.3. 

Flumazenil is a white to off-white crystalline compound with an octanol:buffer partition coefficient of 14 to 1 at 
pH 7.4. Itis insoluble in water but slightly soluble in acidic aqueous solutions. MAZICON is available as a 
sterile parenteral dosage form for intravenous administration. Each mL contains 0.1 mg of flumazenil com- 
pounded with 1.8 mg of methylparaben, 0.2 mg of propylparaben, 0.9% sodium chloride, 0.01% edetate di- 
sodium, and 0.01% acetic acid; the pH is adjusted to approximately 4 with hydrochloric acid and/or, if neces- 
Sary, sodium hydroxide. 


CLINICAL PHARMACOLOGY: Flumazenil, an imidazobenzodiazepine derivative, antagonizes the actions of 
benzodiazepines on the central nervous system. Flumazenil competitively inhibits the activity at the benzodi- 
azepine recognition site on the GABA/benzodiazepine receptor complex. Flumazenil is a weak partial agonist 
in some animal models of activity, but has little or no agonist activity in man. 

Flumazenil does not antagonize the central nervous system effects of drugs affecting GABA-ergic neurons by 
means other than the benzodiazepine receptor (including ethanol, barbiturates, or general anesthetics) and 
does not reverse the effects of opioids. 

PHARMACODYNAMICS: Intravenous MAZICON has been shown to antagonize sedation, impairment of recall 
and psychomotor impairment produced by benzodiazepines in healthy human volunteers. 

The duration and degree of reversal of benzodiazepine effects are related to the dose and plasma concentra- 
tions of flumazenil as shown in the following data from a study in normal volunteers. 


Magnitude and Duration of Reversal of Sedation as a Function of Flumazenil Dose* 
Flumazenil doses of 0.2, 0.6 & 1.0 mg 
(blood level in ng/mL) 


COMPLETELY ALERT 


(3 ng/mL) 


60 30 


Minutes after Flumazenil Injection 
“Sedation produced by midazolam infusion at a rate of 0.06 - 0.20 mqg/kg/hr in healthy volunteers 





Generally, doses of approximately 0.1 to 0.2 mg (corresponding to peak plasma levels of 3 to 6 ng/mL) pro- 
duce partial antagonism, whereas higher doses of 0.4 to 1.0 mg (peak plasma levels of 12 to 28 ng/mL) usu- 
ally produce complete antagonism in patients who have received the usual sedating doses of benzodiazepines. 
The onset of reversal is usually evident within 1 to 2 minutes after the injection is completed. Eighty percent 
response will be reached within 3 minutes, with the peak effect occurring at 6 to 10 minutes. The duration and 
degree of reversal are related to the plasma concentration of the sedating benzodiazepine as well as the dose 
of MAZICON given. 

In healthy volunteers, MAZICON did not alter intraocular pressure when given alone and reversed the decrease 
in intraocular pressure seen after administration of midazolam. 

PHARMACOKINETICS: After IV administration, plasma concentrations of flumazenil follow a two compart- 
ment open pharmacokinetic model with an initial distribution half-life of 7 to 15 minutes and a terminal half-life 
of 41 to 79 minutes. Peak concentrations of flumazenil are proportional to dose, with an apparent initial vol- 
ume of distribution of 0.5 L/kg. After redistribution the apparent volume of distribution (Vs ) ranges from 
0.77 to 1.60 L/kg. Protein binding is approximately 50% and the drug shows no preferential partitioning into 
red blood cells. 

Flumazenil is a highly extracted drug. Clearance of flumazenil occurs primarily by hepatic metabolism and is 
dependent on hepatic blood flow. In pharmacokinetic studies of normal volunteers, total clearance ranges 
from 0.7 to 1.3 L/hr/kg, with less than 1% of the administered dose eliminated unchanged in the urine. The 
major metabolites of flumazenil identified in urine are the de-ethylated free acid and its glucuronide conjugate. 
In preclinical studies there was no evidence of pharmacologic activity exhibited by the de-ethylated free acid. 
Elimination of radiolabelled drug is essentially complete within 72 hours, with 90% to 95% of the radioactivity 
appearing in urine and 5% to 10% in the feces. 


Pharmacokinetic Parameters Following a 5-minute infusion of a tota! of 1.0 mg of MAZICON Mean (Coefficient 
of variation, Range) 


Cmax (ng/mL) 24 (38%, 11-43) 
AUC (ng+hr/mL) 15 (22%, 10-22) 
Vss (L/kg) 1 (24%, 0.8-1.6) 
Cl (L/hr/kg) 1 (20%, 0.7-1.4) 
Half-life (min) 54 (21%, 41-79) 


The pharmacokinetics of flumazenil are not significantly affected by gender, age, renal failure (creatinine clear- 
ance <10 mL/min), or hemodialysis beginning 1 hour after drug administration. Mean total clearance is de- 
creased to 40% to 60% of normal in patients with moderate liver dysfunction and to 25% of normal in patients 
with severe liver dysfunction compared with age-matched healthy subjects. This results in a prolongation of 
the half-life from 0.8 hours in healthy subjects to 1.3 hours in patients with moderate hepatic impairment and 
2.4 hours in severely impaired patients. Ingestion of food during an intravenous infusion of the drug results in 
a 50% increase in clearance, most likely due to the increased hepatic blood flow that accompanies a meal. 

The pharmacokinetic profile of flumazenil is unaltered in the presence of benzodiazepine agonists and the ki- 
netic profiles of those benzodiazepines are unaltered by flumazenil. 


CLINICAL TRIALS: MAZICON has been administered to reverse the effects of benzodiazepines in conscious 
sedation, general anesthesia, and the management of suspected benzodiazepine overdose. 
CONSCIOUS SEDATION: MAZICON was studied in four trials in 970 patients who received an average of 30 
mg diazepam or 10 mg midazolam for sedation (with or without a narcotic) in conjunction with both inpatient 
and outpatient diagnostic or surgical procedures. MAZICON was effective in reversing the sedating and psy- 
chomotor effects of the benzodiazepine, however, amnesia was less completely and less consistently re- 
versed. In these studies, MAZICON was administered as an initial dose of 0.4 mg I.V. (two doses of 0.2 mg) 
with additional 0.2 mg doses as needed to achieve complete awakening, up to a maximum total dose of 1.0 
mg. 
Seventy-eight percent of patients receiving flumazenil responded by becoming completely alert. Of those pa- 
tients, approximately half responded to doses of 0.4 to 0.6 mg, while the other half bi pale to doses of 0.8 
to 1.0 mg. Adverse effects were infrequent in patients who received 1 mg of MAZICON or less, although injec- 
tion site pain, agitation and anxiety did occur. Reversal of sedation was not associated with any increase in the 
frequency of inadequate analgesia or increase in narcotic demand in these studies. While most patients re- 
mained alert throughout the 3 hour post-procedure observation period, resedation was observed to occur in 
3% to 9% of the patients, and was most common in patients who had received high doses of benzodiazepine. 
See at aen 

ENERAL ANESTHESIA: MAZICON was studied in four trials in 644 patients who received midazolam as an 
induction and/or maintenance agent in both balanced and inhalational anesthesia. Midazolam was generally 
administered in doses ranging from 5 to 80 mg, alone and/or in conjunction with muscle relaxants, nitrous ox- 
ide, regional or local anesthetics, narcotics and/or inhalational anesthetics. Flumazeni! was given as an initial 
dose of 0.2 mg IV, with additional 0.2 mg doses as needed to reach a complete response, up toa maximum 
total dose of 1.0 mg. These doses were effective in reversing sedation and restoring psychomotor function, 
but did not completely restore memory as tested by picture recall. MAZICON was not as effective in the rever- 
sal of sedation in patients who had received multiple anesthetic agents in addition to benzodiazepines. 
Eighty-one percent of patients sedated with midazolam responded to flumazenil by becoming completely alert 
or just slightly drowsy. Of those patients, 36% responded to doses of 0.4 to 0.6 mg, while 64% responded to 
doses of 0.8 to 1.0 mg. 
Resedation in patients who responded to MAZICON occurred in 10% to 15% of patients studied and was 
more common with larger doses of midazolam (>20 mg), long procedures (>60 minutes) and use of neuro- 
muscular blocking agents. (See PRECAUTIONS.) 
MANAGEMENT OF SUSPECTED BENZODIAZEPINE OVERDOSE: MAZICON was studied in two trials in 497 
patients who were presumed to have taken an overdose of a benzodiazepine, either alone or in combination 
with a variety of other agents. In these trials, 299 patients were proven to have taken a benzodiazepine as part 
of the overdose, and 80% of the 148 who received MAZICON responded by an improvement in level of con- 
sciousness. Of the patients who responded to flumazenil, 75% responded to a total dose of 1.0 to 3.0 mg. 


MAZICON™ (flumazenil/Roche) 


Reversal of sedation was associated with an increased frequency of symptoms of CNS excitation. Of the pa- 
tients treated with flumazenil, 1% to 3% were treated for agitation or anxiety. Serious side effects were un- 
common, but six seizures were observed in 446 patients treated with flumazenil in these studies. Four of 
these 6 patients had ingested a large dose of cyclic antidepressants, which increased the risk of seizures. (See 
WARNINGS.) 


INDIVIDUALIZATION OF DOSAGE: GENERAL PRINCIPLES: The serious adverse effects of MAZICON are re- 
lated to the reversal of benzodiazepine effects. Using more than the minimally effective dose of MAZICON is 
tolerated by most patients but may complicate the management of patients who are physically dependent on 
benzodiazepines or patients who are depending on benzodiazepines for therapeutic effect (such as suppres- 
sion of seizures in cyclic antidepressant overdose). 

In high risk patients, it is important to administer the smallest amount of MAZICON that is effective. The 1- 
minute wait between individual doses in the dose-titration recommended for general clinical populations may 
be too short for high risk patients. This is because it takes 6 to 10 minutes for any single dose of flumazenil to 
reach full effects. Practitioners should slow the rate of administration of MAZICON administered to high risk 
patients as recommended below. 

ANESTHESIA AND CONSCIOUS SEDATION: MAZICON is well tolerated at the recommended doses in individ- 
uals who have no tolerance to (or dependence on) benzodiazepines. The recommended dosages and titration 
rates in anesthesia and conscious sedation (0.2 to 1.0 mg given at 0.2 mg/min) are well tolerated in patients 
receiving the drug for reversal of a single benzodiazepine exposure in most clinical settings (see Adverse 
Events). The major risk will be resedation because the duration of effect of a long-acting (or large dose of a 
short-acting) benzodiazepine may exceed that of MAZICON. Resedation may be treated by giving a repeat 
dose at no less than 20-minute intervals. For repeat treatment, no more than 1.0 mg (at 0.2 mg/min doses) 
should be given at any one time and no more than 3.0 mg should be given in any one hour. 

OVERDOSE PATIENTS: The risk of confusion, agitation, emotional lability and perceptual distortion with the 
doses recommended in patients with benzodiazepine overdose (3 to 5 mg administered as 0.5 mg/min) may 
be greater than that expected with lower doses and slower administration. The recommended doses repre- 
sent a compromise between a desirable slow awakening and the need for prompt response and a persistent 
effect in the overdose situation. If circumstances permit, the physician may elect to use the 0.2 mg/minute 
titration rate to slowly awaken the patient over 5 to 10 minutes, which may help to reduce signs and symp- 
toms on emergence. 

MAZICON has no effect in cases where benzodiazepines are not responsible for sedation. Once doses of 3 to 
9 mg have been reached without clinical response, additional MAZICON is likely to have no effect. 

PATIENTS TOLERANT TO BENZODIAZEPINES: MAZICON may cause benzodiazepine withdrawal symptoms 
in individuals who have been taking benzodiazepines long enough to have some degree of tolerance. Patients 
who had been taking benzodiazepines prior to entry into the MAZICON trials who were given flumazenil in 
doses over 1 mg experienced withdrawal-like events 2 to 5 times more frequently than patients who received 
less than 1 mg. 

In patients who may have tolerance to benzodiazepines, as indicated by clinical history or by the need for 
larger than usual doses of benzodiazepine, slower titration rates of 0.1 mg/min and lower total doses may help 
reduce the frequency of emergent confusion and agitation. In such cases special care must be taken to moni- 
tor the patients for resedation because of the lower doses of MAZICON used. 

PATIENTS PHYSICALLY DEPENDENT ON BENZODIAZEPINES: MAZICON is known to precipitate withdrawal 
seizures in patients who are physically dependent on benzodiazepines, even if such dependence was estab- 
lished in a relatively few days of high dose sedation in Intensive Care Unit environments. The risk of either 
seizures or resedation in such cases is high and patients have experienced seizures before regaining con- 
sciousness. 

MAZICON should be used in such settings with extreme caution, since the use of flumazenil in this situation 
has not been studied and no information as to dose and rate of titration is available. MAZICON should be used 
in such patients only if the potential benefits of using the drug outweigh the risks of precipitated seizures. 
Physicians are directed to the scientific literature for the most current information in this area. 


INDICATIONS AND USAGE: MAZICON is indicated for the complete or partial reversal of the sedative effects of 
benzodiazepines in cases where general anesthesia has been induced and/or maintained with benzodi- 
azepines, where sedation has been produced with benzodiazepines for diagnostic and therapeutic procedures, 
and for the management of benzodiazepine overdose. 
CONTRAINDICATIONS: MAZICON is contraindicated: 
e in patients with a known hypersensitivity to flumazenil or to benzodiazepines. 
e in patients who have been given a benzodiazepine for control of a potentially life-threatening condition 

(e.g. control of intracranial pressure or status epilepticus). 
e in patients who are showing signs of serious cyclic antidepressant overdose. (See WARNINGS.) 


WARNINGS: 


THE USE OF MAZICON HAS BEEN ASSOCIATED WITH THE OCCURRENCE OF SEIZURES. 
THESE ARE MOST FREQUENT IN PATIENTS WHO HAVE BEEN ON BENZODIAZEPINES FOR LONG- 
TERM SEDATION OR IN OVERDOSE CASES WHERE PATIENTS ARE SHOWING SIGNS OF SERIOUS 


CYCLIC ANTI-DEPRESSANT OVERDOSE. 
PRACTITIONERS SHOULD INDIVIDUALIZE THE DOSAGE OF MAZICON AND BE PREPARED TO 
MANAGE SEIZURES. 





Risk of Seizures: The reversal of benzodiazepine effects may be associated with the onset of seizures in 
certain high-risk populations. Possible risk factors for seizures include: concurrent major sedative-hyp- 
notic drug withdrawal, recent therapy with repeated doses of parenteral benzodiazepines, myoclonic jerk- 
ing or seizure activity prior to flumazenil administration in overdose cases, or concurrent cyclic anti-de- 
pressant poisoning. 

MAZICON is not recommended in cases of serious cyclic antidepressant poisoning, as manifested by mo- 
tor abnormalities (twitching, rigidity, focal seizure), dysrhythmia (wide ORS, ventricular dysrhythmia, 
heart block), anticholinergic signs (mydriasis, rj mucosa, hypo-peristalsis), and cardiovascular collapse 
at presentation. In such cases ICON should be withheld and the patient should be allowed to remain 
sedated (with ventilatory and circulatory support as needed) until the signs of antidepressant toxicity have 
subsided. Treatment with MAZICON has no known benefit to the seriously ill mixed-overdose patient 
other than reversing sedation and should not be used in cases where seizures (from any cause) are likely. 
Most convulsions associated with flumazenil administration require treatment and have been success- 
fully managed with benzodiazepines, phenytoin or barbiturates. Because of the presence of flumazenil, 
higher than usual doses of benzodiazepines may be required. 


HYPOVENTILATION: Patients who have received MAZICON for the reversal of benzodiazepine effects (after 
conscious sedation or general anesthesia) should be monitored for resedation, hes gee depression, or 
other residual benzodiazepine effects for an appropriate period (up to 120 minutes) based on the dose and 
duration of effect of the benzodiazepine ete 
This is because MAZICON has not been established as an effective treatment for hypoventilation due to 
benzodiazepine administration. The availability of flumazenil does not diminish the need for prompt de- 
rt of hypoventilation and the ability to effectively intervene by establishing an airway and assisting 
ventilation. 
MAZICON may not fully reverse postoperative airway problems or ventilatory insufficiency induced by 
benzodiazepines. In addition, even if MAZICON is initially effective, such problems may recur because the 
effects of MAZICON wear off before the effects of many benzodiazepines. 
pieca cases should always be monitored for ion until the patients are stable and resedation is 
unlikely. Ys 
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PRECAUTIONS: RETURN OF SEDATION: MAZICON may be expected to He al alertness of patients.re- 
covering from a procedure involving sedation or anesthesia with benzodiazepines, but should not be substi- 
tuted for an adequate period of post-procedure monitoring. The availability of MAZICON does not reduce the 
risks associated with the use of large doses of benzodiazepines for sedation: y \ <2 
Patients should be monitored for resedation, respiratory depression (see WARNINGS), or other persistent or’ 
recurrent agonist effects for an adequate period of time after administration of MAZICON. + 
Resedation is least likely in cases where MAZICON is administered to reverse low casa gna short-acting ben- 
zodiazepine (<10 mg midazolam). It is most likely in cases where a large single or ¢umulative dose of a benzo- 
diazepine has been given in the course of a long procedure along with neuromuscular blocking agents and y 
multiple anesthetic agents. Ne Re A 
Profound resedation was observed in 1% to 3% of patients in the Clinical studies. In clinical situations where 
resedation must be prevented, physicians may wish to repeat the initial dose (up to 1 mg of MAZICON given at 
0.2 mg/min) at 30 minutes and possibly again at 60 minutes. This dosage schedule, although not studied in 
Clinical trials, was effective in preventing resedation in a pharmacologic study in normal volunteers. 
USE IN THE ICU: MAZICON should be used with caution in the Intensive Care Unit because of the increased 
risk of unrecognized benzodiazepine dependence in such settings. MAZICON may produce convulsions in pa- 
tients physically dependent on benzodiazepines. (See INDIVIDUALIZATION OF DOSAGE AND WARNINGS.) 
Administration of MAZICON to diagnose benzodiazepine-induced sedation in the Intensive Care Unit is not 
recommended due to the risk of adverse events as described above. In addition, the prognostic significance 
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Posttraumatic Respiratory Insufficiency: How and Why 


Does It Happen? 


Ronald G. Pearl, MD, PhD 


Department of Anesthesia, Stanford University School of Medicine, Stanford, California 


the United States and is the leading cause of 
death among patients under 45 yr of age (1). 
Trauma accounts for more than 100,000 deaths per 
year. Twenty-five percent of trauma deaths are due to 
thoracic trauma (2). Respiratory failure associated 
with trauma may be due to direct lung injury (such as 
pulmonary contusion) or to indirect, diffuse lung 
injury associated with adult respiratory distress syn- 
drome (ARDS). The risk of posttraumatic ARDS has 
been related to the Injury Severity Score, to the initial 
level of oxygenation, and to clinical risk factors such 
as head injury, drug overdose, multiple emergency 
transfusions, multiple major fractures, near-drown- 
ing, and pulmonary contusion (3). However, there 
has been only limited understanding of the complex 
interrelationships among direct lung injury, indirect 
lung injury, ARDS, and posttraumatic respiratory 
failure. The article by Putensen et al. (4) in this issue 
advances our knowledge. This study and their prior 
related report (5) used a dual isotopic scintigraphic 
technique to measure lung microvascular permeabil- 
ity. For this technique, patients received intravenous 
injections of indium 113m chloride to label transferrin 
and technetium 99m pertechnate to label red blood 
cells. A large field of view gamma counter was used 
to monitor the activity of both isotopes in each lung 
over time to determine the excess pulmonary accu- 
mulation of transferrin. Transferrin is a large (molec- 
ular weight 80,000) serum protein, so that the rate of 
excess accumulation of transferrin is a measure of 
pulmonary microvascular protein leak. This rate can 
be quantified by the lung microvascular permeability 
index (LMVP)), the relative change of the vascular 
transferrin flux per hour. 
In their prior study (5), Putensen et al. examined 
LMVPI in four groups of patients. In control patients, 
LMVPI was 2.2 + 2.6 %/h. In patients requiring 
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mechanical ventilation but without lung disease (e.g., 
postoperative ventilation), LMVPI was normal both 
on the first day of mechanical ventilation and 4 days 
later. In patients with ARDS due to pancreatitis, 
LMVPI was abnormally increased to approximately 
10 %/h in both lungs. In patients with respiratory 
failure due to lung contusion, LMVPI was initially 
increased (10.8 %/h) in the contused lung but normal 
(3.9 %/h) in the noncontused lung. However, 4 days 
later, LMVPI was equally increased in both lungs 
(10.9 %/h in the contused lung; 8.0 %/h in the 
noncontused lung). This development of increased 
microvascular permeability in the noninjured lung 
suggested the late development of diffuse lung injury 
in patients who initially had only localized lung 

The present study both confirms and extends 
these findings by examining all 252 trauma patients 
admitted to their intensive care unit over a 1-yr 
period. Fifty-two of these patients developed acute 
lung failure (ALF) defined as the use of controlled 
mechanical ventilation for greater than 24 h with Fro, 
> 0.5, positive end-expiratory pressure > 10 cm H,O, 
or inverse ratio ventilation. In 37 of the 52 patients, 
ALF occurred after direct lung injury (usually pulmo- 
nary contusion). In 33 of the 37 patients (89%), ALF 
occurred within the first 2 days of lung injury. At the 
time of development of ALF, LMVPI was increased in 
the traumatized lung (10.0 + 5.1 %/h) but not in the 
nontraumatized lung (3.7 + 3.3 %/h). However, 4 
days later, LMVPI was increased in both the trau- 
matized and the nontraumatized lung (9.1 + 4.5 vs 
10.9 + 5.0 %/h). 

In 11 of the 52 patients who developed ALF, ALF 
was not associated with direct lung injury. In 7 of 
these 11 patients (64%), ALF developed on day 4 or 5 
after trauma. Lung microvascular permeability index 
was increased both at the time of development of 
ALF (11.6 + 6.2 %/h in the right lung; 12.6 + 5.7 %/h 
in the left lung) and 4 days later (12.3 + 5.5 %/h in the 
right lung; 11.9 + 5.8 %/h in the left lung). In this 
indirect injury group, multiple organ failure preceded 
the development of ALF in all 11 patients, and sepsis 


Anesth Analg 1992;74:787-9 787 


788 EDITORIALS 


syndrome preceded or coincided with the develop- 
ment of ALF in 7 patients. This indirect injury group 
would therefore appear to have classic ARDS due to 
activation of endogenous humoral and cellular medi- 
ators of inflammation. 

The significance and the pathogenesis of diffuse 
lung injury in the group of patients who initially had 
only unilateral lung injury is less clear. Although the 
manuscript does not specifically state that diffuse 
lung injury was radiologically apparent or provide 
the percentage of patients who demonstrated abnor- 
mal LMVPI on the nontraumatized side, the authors 
imply that the majority of patients with ALF due to 
direct lung injury subsequently developed a syn- 
drome identical to ARDS. Understanding the patho- 
genesis of such diffuse lung injury is critical to 
developing strategies for its prevention. Several ex- 
planations of diffuse lung injury should be consid- 
ered. First, ARDS may have developed in the direct 
lung injury group for identical reasons as in the 
indirect lung injury group. Both groups had similar 
Injury Severity Scores. In patients with direct lung 
injury, the second scan (the one that demonstrated 
bilateral increases in LMVPI) was performed approx- 
imately 5 days after admission. In patients with ALF 
due to indirect injury, the initial scan demonstrating 
bilateral increases in LMVPI was usually performed 
on day 4 or 5. Thus, an identical series of events (i.e., 
activation of humoral and cellular mediators of in- 
- flammation) related to the initial episode of trauma 
may have resulted in diffuse increases in permeability 
at day 4-5 in both groups. This hypothesis suggests 
that strategies to decrease diffuse lung injury must 
focus on the initial resuscitation from trauma. 

A second explanation for the development of dif- 
fuse permeability abnormalities is the occurrence of 
sepsis and multiple organ failure in patients with 
direct lung injury. Of the 37 patients with ALF after 
direct lung injury, 35 eventually developed MOF and 
27 eventually developed sepsis syndrome. Whereas 
ALF most commonly began on days 1 and 2, MOF 
most commonly began on days 3 and 4 (27 of the 35 
cases) so that MOF was present at the time of the 
second determination of LMVPI. Immunosuppres- 
sion from trauma, endotracheal intubation, areas of 
contused lung, and invasive monitoring procedures 
are likely to result in a high incidence of sepsis in this 
group (6). However, I doubt that sepsis was the 
etiology of the bilateral increase in LMVPI that oc- 
curred in the direct injury group. Although the lung 
changes were present by day 6, only 6 of 37 patients 
(16%) had developed sepsis syndrome at this time. 

A third explanation is that the development of 
abnormal permeability in the nontraumatized lung 
was a direct result of barotrauma and oxygen toxicity 
from mechanical ventilation. Putensen et al. do not 
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discuss the ventilatory management of their patients, 
but their criteria for ALF suggest that the lungs of 
most patients were ventilated with Fro, > 0.5 and 
peak end-expiratory pressure > 5 cm H,O. Although 
not mentioned, these patients with ALF likely had 
decreased pulmonary compliance and increased dead 
space-to-tidal volume ratios. Thus, mechanical venti- 
lation may have used high inspired oxygen concen- 
trations, high peak inspiratory pressures, and high 
frequencies. A growing literature suggests that this 
combination can, by itself, produce severe lung in- 
jury (2,7,8). This injury is primarily related to exces- 
sive stretching of normal alveoli when a large tidal 
volume is delivered to lungs that have a significant 
proportion of atelectatic alveoli. Thus, in the current 
study, the initially normal nontraumatized lung may 
have developed progressive injury (‘respirator 
lung”) due to mechanical ventilation, eventually re- 
sulting in a picture indistinguishable from ARDS. If 
so, strategies to prevent such lung damage might 
include differential lung ventilation (as the normal 
lung would need lower inspiratory pressures, lower 
peak end-expiratory pressure, and lower Fro.) (9), 
alterations of conventional ventilation (smaller tidal 
volumes), use of newer ventilatory techniques (such 
as high frequency ventilation), or possibly the use of 
extracorporeal carbon dioxide removal (10) to de- 
crease the need for high tidal volumes and high peak 
inspiratory pressure. 

The Putensen et al. article suggests the existence of 
a significant problem, namely the subsequent devel- 
opment of diffuse lung injury in patients with unilat- 
eral direct lung injury. Although no patients died 
directly from respiratory failure, the need for pro- 
longed mechanical ventilation undoubtedly contrib- 
uted to the eventual development of sepsis, multiple 
organ failure, and death. However, this development 
of contralateral increased LMVPI contrasts with the 
relatively low rate of clinically apparent diffuse lung 

injury (ARDS) in other series of patients with direct 
ahaa injury (2,10,11). Future studies in patients with 
direct lung injury are needed to determine the fre- 
quency and clinical significance of the diffuse increase 
in LMVPI, to determine the pathogenesis of the 
increase, and to test strategies to prevent its occur- 
rence. 
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linical care of patients with heart disease and 

circulatory abnormalities would be improved 

by the availability of continuous noninvasive 
measurements of cardiac output. In critically ill pa- 
tients, clinical estimation of cardiac output is notori- 
ously inaccurate (1,2). As hemodynamic status may 
change rapidly, continuous cardiac output monitor- 
ing would provide timely information to permit rapid 
institution and adjustment of therapy. In this issue, 
Hausen and colleagues report an evaluation of a 
commercially available transtracheal Doppler device 
for continuous cardiac output measurement (3). This 
method uses a 5-mm, 5-MHz pulsed Doppler ultra- 
sound transducer mounted on the tip of an endotra- 
cheal tube. The transducer measures the aortic diam- 
eter and the Doppler shift of the ultrasound beam 
that is reflected by blood in the ascending aorta. 
Cardiac output is determined as the product of the 
aortic cross-sectional area and the estimated blood 
velocity. In this study, estimates of cardiac output 
using the transtracheal Doppler (TTD) method dif- 
fered markedly from those obtained by thermodilu- 
tion. The mean difference between simultaneous 
measurements with the two methods was 1.7 L/min 
with a standard deviation of 1.67 L/min. The 95% 
limits of agreement of —1.56 to 4.99 L/min suggest 
that the TTD method does not give a clinically useful 
estimate of cardiac output. 

The reasons for these discouraging results may be 
related to problems with the TTD technology and 
problems with the study design. Technical problems 
with the TTD method may arise from inaccurate 
measurement of aortic diameter, inaccurate estima- 
tion of aortic cross-sectional area (because the aorta is 
not perfectly circular and changes shape and size 
during the cardiac cycle), and the use of a fixed 
estimate of the angle between the transducer ultra- 
sound beam and aortic blood flow. Changes in blood 
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pressure may alter the aortic cross-sectional area; 
thus, the measurement of cardiac output will be 
inaccurate unless frequent remeasurement of aortic 
diameter is performed. In addition, the system is 
extremely sensitive to changes in the position of the 
transducer relative to the aorta. Hausen et al. calcu- 
lated that a 15° error in angle may double the esti- 
mated cardiac output (3). Discrepancies between the 
two methods may reflect errors associated with the 
thermodilution technique; however, this factor can 
explain only a small portion of the discrepancies 
between the two methods (4,5). In the present study, 
only nine patients were studied and only 27 measure- 
ments were obtained. Poor performance in one or 
two individuals in small data sets can significantly 
alter estimates of the average error. However, the 
overall performance of the TTD method was so poor 
as to exclude such explanations. In addition, the 
average time to position the probe was 15 min, and 
an average of three repositionings of the probe was 
required during the 8-h study. Each repositioning 
required endotracheal tube cuff deflation for up to 
10 min, which may have resulted in aspiration pneu- 
monia in two patients. Overall, the study by Hausen 
et al. suggests that the TTD method produces inac- 
curate estimates of cardiac output and may increase 
patient morbidity. 

Table 1 compares the current study with prior 
investigations of the TTD method. Although the 
initial work of the inventor, Abrams (6,7), produced 
encouraging results, subsequent work by Siegel et al. 
(8) demonstrated poor performance of the TTD 
method as compared with thermodilution. Gregoretti 
et al. (9) compared TTD, thermodilution, and electro- 
magnetic flow probe measurements of cardiac output 
in pigs. In that study, the angle of the ultrasound 
beam with the aortic flow vector was calculated 
individually for each animal using direct measure- 
ment of aortic diameter. Despite this individualized 
calculation of the angle, the results were still unac- 
ceptable. Preliminary results of Peper et al. (10) show 
much better agreement of the TTD and thermodilu- 
tion methods than has been demonstrated by Siegel 
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Table 1. Investigations Evaluating Transtracheal Doppler Cardiac Output Measurement" 


Study Abrams (6) Abrams (7) 
Subjects 6 Dogs 8 Patients 
n. 15 40 
TD range (L/min) 2—4 2.7-8.6 
TID — TD (mean + 

sD) (L/min) 
Limits of agreement 

(TTD - TD) 
Linear regression =0,7 F L2TD 1.44 + 0.75TD 
r 0.91 0.92 
Transducer angle (deg) 62.3 52.4 
Blinded observer No No 


“Numbers in parentheses refer to reference list. 


et al. and Hausen et al. This wide range of results 
among studies may be caused by differences in the 
study design, conduct, and data analysis. The stud- 
ies, taken as a whole, suggest little role for the current 
TTD method in clinical care. 

Other technologies that have been evaluated for 
noninvasive and continuous measurement of cardiac 
output include transesophageal Doppler (1,11-16), 
electrical impedance (1,13,16-18), and transesoph- 
ageal echocardiography using pulsed Doppler echo- 
cardiography (19,20) or automated border detection 
(21). Of note, when multiple studies have been 
performed using the same technology, a similar wide 
range of results has been reported. Initial reports 
often suggest that a new technology is quite promis- 
ing, but subsequent studies often raise major doubts. 
We believe such discrepancies can be partly ex- 
plained by examining various aspects involved in a 
typical validation study. We will discuss the impor- 
tance of outlier results, investigator bias, in vivo 
calibration, and publication bias. 

In general, most measurement devices work rea- 
sonably well most of the time in most of the patients. 
Unfortunately, occasional values in most patients or 
most values in occasional patients will demonstrate 
marked differences from the validation method. For 
example, a series of 11 measurements may give 
discrepancies from thermodilution of 0, —0.5, 0.5, 0, 
1, 4, 0, —1, 0.5, —0.5, and 1 L/min. One of the values 
(4 L/min) is clearly an outlier. If all 11 values are used, 
the 95% confidence limits of (—2.4, +3.2) span a 
+ 2.8 L/min range. However, if the 4 L/min value is 
excluded, the 95% confidence limits of (—1.2, +1.2) 
span only a + 1.2 L/min range. Thus, excluding only 
one of 11 values improves the accuracy by almost 
60%. 

In theory, such outliers should usually be included 
in the data analysis as this reflects the expected 
performance in clinical use. However, investigators 
may decide to exclude such outlier results. For exam- 
ple, when the device is initially inserted, a large 


Siegel (8) Gregoretti (9) Hausen (3) Peper (10) 

17 Patients 8 Pigs 9 Patients 10 Patients 

86 128 27 

2-12 1-3 3.4-7.3 2.5-7 

=0:2 17 —0.04 + 0.24 —1.7 + 1.67 

—3.6 to 3.1 —0.5 to 0.4 —5 to 1.6 —0.7 to 1.4 

1.54 + 0.62TD 0.38 + 0.78TD 0.8 + 0.13TD 0.16 + 0.88TD 
0.63 0.86 0.25 ~ 0,85 

52.4 Variable 52.4 52.4 

Yes No 


discrepancy between the device and the validation 
method may prompt the investigator to exclude that 
patient as one in whom a satisfactory reading could 
not be obtained. When a device initially performs 
well and then an outlier reading occurs, the investi- 
gator is likely to look for factors that have caused 
the discrepancy. In clinical studies, factors such as 
hemodynamic changes, surgical interventions, elec- 
trocautery, fluid boluses, and drug administration are 
common. The investigator may note the recent occur- 
rence of such an event, attribute the result to the 
event, and simply discard the measurement. Alter- 
natively, the investigator may decide to reposition 
and/or recalibrate the device. If such maneuvers 
result in good agreement with the validation method, 
the previous discrepant values may be omitted. Thus, 
the reported data may demonstrate excellent agree- 
ment with the validation method, but in clinical use 
the clinician will frequently note discrepancies so 
large as to result in little utility of the device. 
Statistical analysis of validation studies is compli- 
cated by the combination of intrasubject with inter- 
subject variability (i.e., multiple measurements on 
one patient versus single measurements on multiple 
patients). This problem is particularly important 
when standard correlation and regression analyses 
are performed. The reporting of precision and bias as 
described by Bland and Altman (22) is a significant 
improvement. However, problems occur when de- 
vices can be repositioned or recalibrated during a 
study (unless such interventions occur at predeter- 
mined times and would be performed similarly in 
clinical use). Another issue involves obtaining many 


` points from patients in whom the device produces 


“good” data but only occasional points when the data 
show poor accuracy. 

Publication bias is a major problem in validation 
studies. In general, a report that a new device or 
technique produces accurate results is considered a 
significant advance and is likely to be published. In 
contrast, reports that a device is inaccurate usually 
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result in less enthusiasm. Reviewers may consider 
the underlying principles unlikely to produce an 
acceptable device, so that the negative results add 
little to the literature. Many devices undergo clinical 
trials while development continues, so that a “new 
and improved” version exists by the time a study has 
demonstrated poor performance of the original ver- 
sion. The study by Hausen et al. (3) in this issue 
might not have been accepted if prior studies of the 
TTD device had not been performed and the current 
version was not already marketed. 

On the basis of the above considerations, the 
following suggestions for validation studies can be 
made. A detailed protocol should be developed be- 
fore beginning the study and should be rigidly fol- 
lowed. The protocol should define criteria for patient 
inclusion and. exclusion. No patient should be ex- 
cluded from data analysis once entered into the 
study. The frequency of measurements should be 
defined and not left to the discretion of the investi- 
gator. Criteria for inclusion and exclusion of individ- 
ual data points should be strictly defined and re- 
ported. Data for the device and for thermodilution 
should be obtained and recorded in a blinded man- 
ner, i.e., the investigator using the device should 
not have access to the thermodilution data. Strict 
criteria for repositior/recalibration should be defined. 
Finally, data analysis should attempt to separate 
within-patient from between-patient variability. 

Despite the results of the study by Hausen et al. 
and our overall skepticism regarding the utility of 


current devices, we remain optimistic that clinically ` 


useful and accurate devices designed to continuously 
monitor cardiac output will become available over the 
next decade. Validation studies for these devices 
should be evaluated on the basis of the above guide- 
lines. 
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We prospectively studied the variation in sequence of 
occurrence of lung microvascular permeability 
(LMVP) increase and clinical onset of posttraumatic 
acute lung failure (ALF) in the sequential failure of 
organ systems after direct and indirect lung injury. 
Acute lung failure developed in 52 of 255 trauma 
patients. Thirty-seven of these developed ALF after a 
direct injury to lung tissue and 11 after an indirect 
injury. Lung microvascular permeability was mea- 
sured with a gamma camera simultaneously over 
both lungs using indium 113m-labeled transferrin 
and technetium 99m-labeled erythrocytes in 24 pa- 
tients with ALF due to direct lung injury and in 4 
with ALF due to indirect injury. A localized increased 
LMVP was observed initially only in the directly 
traumatized lung (traumatized/nontraumatized lung: 
10.03 + 5.08/3.73 + 3.33 %/h), but involved the 
primarily nontraumatized lung within 4 days (trau- 
matized/nontraumatized lung: 9.13 + 4.49/10.89 + 


5.05 %/h). In contrast, in ALF due to indirect lung 
injury, an increased LMVP over both lungs was 
observed initially (right/left lung: 11.57 + 6.18/12.63 
+ 5.73 %/h) and 4 days later (right/left lung: 12.3 + 
5.49/11.92 + 5.75 %/h). Acute lung failure due to 
direct lung injury occurred significantly earlier 
(<72 h) (P < 0.01), whereas onset of indirectly 
induced ALF was later (>72 h). Sepsis syndrome and 
multiple organ failure were the major complications 
once ALF occurred after a direct injury. In contrast, 
sepsis svndrome and multiple organ failure com- 
monly preceded or paralleled the onset of ALF due to 
an indirect injury. Our data suggest that direct and 
indirect injuries to lung tissue determine the tempo- 
ral sequence of changes in LMVP, which in turn is 
related to a different clinical onset of ALF in the 
sequential failure of organ systems. 

(Anesth Analg 1992;74:793-9) 





cute lung failure (ALF) is a pulmonary re- 

sponse that develops in trauma patients due 

to direct injuries to the lung tissue caused by 
the trauma itself (e.g., lung contusion, aspiration, 
inhalation of toxic fumes) or to indirect injuries to the 
lung after trauma-induced systemic reactions and 
complications (e.g., shock, sepsis syndrome) (1). 

A generalized increased pulmonary microvascular 
permeability to fluids and proteins, the common 
primary pathogenic feature of ALF, precedes its clin- 
ical manifestation (2,3). External gamma counting of 
radiolabeled proteins over the lung allows the assess- 
ment of the rate of pulmonary extravascular protein 
accumulation (4). The ratio of the counts of indium 
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113m-labeled transferrin corrected by technetium 
99m-labeled erythrocytes that is measured over a 
small lung region to those over the heart is higher in 
patients with adult respiratory distress syndrome 
(ARDS) than in patients with hydrostatic pulmonary 
edema or in normal subjects (5). Computed gamma 
scintigraphic determination of this pulmonary trans- 
vascular transferrin flux is an early and reliable indi- 
cator of this pulmonary microvascular leak (6). 
Clinical manifestations of ALF are eventually seen 
after major trauma, either alone or in conjunction with 
other organ failures resulting in multiple organ failure 
(MOF) (7). Recently it was emphasized that pulmonary 
contusion is distinguished by an immediate onset of 
ALF, whereas ALF that occurs several days after the 
trauma parallels the onset of sepsis syndrome (8). 
When previously testing a modified scintigraphic 
technique, allowing simultaneous determination of 
lung microvascular permeability (LMVP) over both 
lungs, we observed a different distribution of LMVP 
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changes over the lungs in patients immediately after 
a thoracic injury than in patients with pancreatitis 
and MOF (9). 

However, no controlled clinical trial has investi- 
gated whether direct and indirect lung injuries in 
trauma patients cause a different time-course of 
changes in LMVP associated with a different onset of 
ALF in the sequential failure of other organ systems. 

The purpose of our prospective study was to 
determine LMVP as an early pathophysiologic 
marker of ALF, simultaneously over both lungs, to 
demonstrate a different sequence in the pathomech- 
anism after direct and indirect injuries to lung tissue 
in trauma patients. The associated clinical onset of 
ALF was examined in the sequential failure of organ 
systems after direct and indirect lung injuries. 


Methods 


All trauma patients with life-threatening injuries ad- 
mitted to the intensive care unit (ICU) of our clinic in 
the 12-mo period from May 1987 to May 1988 were 
investigated prospectively for changes in LMVP in 
the course of ALF after direct and indirect injuries to 
lung tissue. For these patients the Injury Severity 
Score (ISS) (10) was recorded immediately after ad- 
mission to the emergency room. 

The scintigraphic determination of LMVP was ap- 
proved by the institutional review board, and in- 
formed consent was obtained from the patients or 
from relatives of the patients. 

The scintigraphic technique we used to determine 
LMVP has been described in detail previously (9). Brief- 
ly, indium 113m (‘°™In) chloride was injected intra- 
venously to label transferrin and technetium 99m (”""Tc) 
pertechnate to label in vivo the erythrocytes. External 
counting was performed with a gamma camera simul- 
taneously over both lungs and the heart. Increased 
permeability to transferrin was described by the protein 
accumulation index (PAI) = (In counts lung/In counts 
heart)/(Tc counts lung/Tc counts heart) (11). The PAI 
was calculated for each of the 12 frames. After least- 
squares regression analysis, the LMVP index (LMVPI) 
(= [PAly ~ PAI; x 100)/[PAI,, x Tatuay], where ET is 
end interval and SI is start interval) was determined, 
which is equivalent to the relative change of the vascu- 
lar transferrin flux for a given region per hour. 

Risk factors predisposing to ALF development 
were categorized as to whether the injury to the 
pulmonary gas-exchanging membrane was direct 
(from the alveolar-parenchymal side) or indirect 
(from the endothelial side) (1,12). 

Direct injuries included the following: 


1. Lung contusion was identified as localized areas of 
infiltration in the chest radiograph present within 
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6 h after arrival in the emergency room with and 
without corresponding external chest wall trauma. 

2. Aspiration of gastric contents was documented by 
suctioning of gastric contents from the endotra- 
cheal tube. 

3. Total atelectasis due to bronchial intubation at the 
scene of the emergency was documented by bron- 
chial position of the endotracheal tube and present 
atelectasis in the initial chest radiography in the 
emergency room. 


Indirect injury was assumed when there was no 
direct injury to the chest wall or to the lung tissue nor 
another disease process present in the lung. 

Organ failure was defined as severity grade 2 in a 
modified MOF score originally described by Goris et 
al. (13). Multiple organ failure was present when at 
least two organs failed. 


1. ALF was defined as controlled mechanical ventila- 
tion for >24 h and an inspiratory oxygen fraction 
(Fro) >0.5; for >24 h and a positive end- 
expiratory pressure (PEEP) >10 cm H,O; for >24h 
and/or inverse inspiratorv/expiratory ratio for 
>24 h. 

2. Cardiac failure was defined as periods with hypo- 
tension (<100 mm Hg systolic), and/or dopamine 
infusion >10 ug KE .min`t, and/or nitroglycerin 
>20 pg-kg-*-min 

3. Renal failure was defined as serum creatinine 
>3.0 mg%, and/or hemofiltration due to a serum 
creatinine >3 mg%, and/or oli 

4. Hepatic failure was defined as total bilirubin 
>6 mg% and/or serum glutamic-oxaloacetic trans- 
aminase >50 U/L. 

5. Hematologic failure was defined as hemorrhagic 
diathesis or leukocyte count >60,000/mm?° or 
<2,500/mm°. 

6. Gastrointestinal tract failure was defined as sponta- 
neous perforation of the gallbladder and/or necro- 
tizing enterocolitis and/or pancreatitis. 

7. Central nervous system failure was defined as se- 
verely disturbed responsiveness and/or diffuse 
neuropathy. 


Sepsis syndrome was diagnosed by the presence of 
at least two of the following criteria (14): 
Core or rectal temperature >39°C or <36°C 


Leukocyte count <3000/mm? or >12,000/mm° 
and/or >20% immature forms 


Positive blood culture for a recognized pathogen 

Unexplained hypotension (<85 mm Hg systolic) 
for >2h 

Systemic vascular resistance <800 dyne-s-cm 

Unexplained metabolic acidosis (base deficit 


>5 mEq/L) 


=9 
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Table 1. Injury Severity Score, Frequency of Single and Multiple Trauma, Multiple Organ Failure, Sepsis Syndrome, 
and Outcome in Patients With and Without Posttraumatic Acute Lung Failure 


Single 
trauma 
n % Age” (yr) ISS? % n 
Total 252 10 V97 3339+187 Jl 78 
ALF 52 21 3122+209 AOL i178 8 -< 
Non-ALF 200 79. 39.1 £189 312£€£172 37 M 
P, ALF vs NS 0.002 0.025 


non-ALF 


Multiple Lung Sepsis 

trauma contusion MOF syndrome  Nonsurvivors 
% n Te n % n Teo n To n 
69 173 36 90 45 114 31 78 25 62 


92 48 58 30 96 50 71 37 29 15 
63 125 30 60 32 64 21 41 24 47° 
0.042 0.0015 0.0001 0.0001 NS 


ISS, Injury Severity Score; ALF, acute lung failure; MOF, multiple organ failure; NS, not significant. 


“Mean + sD. 
"Cerebral edema after severe head injury was the main cause of death. 


Intensive care unit mortality was used for outcome 
measurement. 

Onset of ALF within 72 h was defined to be early, 
after 72 h to be late (8). 

Because scintigraphic determination of LMVP re- 
quired the transport of the patient to the Nuclear 
Medicine Department, not all patients with ALF 
could be studied. 

Acute lung failure following a direct injury: Patients 
with a direct injury to only one lung (unilateral lung 
contusion, total atelectasis) who met the criteria of 
ALF were examined. Scintigraphic measurements 
were carried out in the patients whose lungs were 
mechanically ventilated within 30 h after ICU admis- 
sion (I) and 4 days later (II). 

Acute lung failure after an indirect injury: Trauma 
patients with sepsis syndrome in whom ALF devel- 
oped were examined. Scintigraphy was performed as 
soon as a patient met the criteria for sepsis syndrome 
and ALF (I) and 4 days later (II). 

Six healthy volunteers who served as a control 
group had been studied previously (9). 

All values are expressed as mean + sp. Categoric 
variables were analyzed by two-way contingency 
tables where appropriate or by hierarchic log-linear 
models for multiway contingency tables. Comparison 
between groups was performed using the y7-test with 
Yates’ correction. Student’s two-tailed t-test for un- 
paired data was used for statistical comparison of 
continuous variables that were nearly normally dis- 
tributed; or by appropriate nonparametric test 
(Mann-Whitney-Wilcoxon or Kruskal-Wallis analysis 
of variance) for ordinal or nonnormal variables. A 
P < 0.05 was accepted as statistically significant. 


Results 
Control Group 


The mean LMVPI was 2.6 + 2.8 %/h for the right, 2.0 
+ 2.8 %/h for the left, and 2.2 + 2.6 %/h for both 


lungs (9). As the standard deviation was large, an 
LMVPI > 2 sp above the control mean (7.4 %/h) 
indicated an abnormally high LMVP. The data from 
these volunteers have been described previously (9). 


Acute Lung Failure Groups 


Two hundred fifty-two trauma victims with a mean 
age of 33.9 + 19.7 yr were analyzed during the 1-yr 
period. Acute lung failure developed in 52 of these 
patients in the ICU. Injury Severity Score, frequency 
of multiple trauma, chest injury, MOF, and sepsis 
syndrome were significantly different in patients with 
and without ALF (Table 1). 


Acute lung failure after a direct injury. Acute lung 
failure developed after a direct injury to lung tissue in 
37 of the 52 ALF patients. Twenty-four of these 
patients underwent scintigraphic determination of 
LMVP, 21 had a unilateral chest injury and 3 had a 
total atelectasis after bronchial intubation at the scene 
of the emergency. Average ISS was 41 + 18. The 
LMVPI of the injured and noninjured (healthy) lung 
at measurements | and II are given in Table 2. Initially 
LMVPI of the injured lung was significantly (P < 
0.01) elevated as compared with the noninjured 
(healthy) lung. This indicates an increased transvas- 
cular protein flux only in the injured lungs within the 
first 30 h (measurement I). The LMVPI for the previ- 
ously healthy (noninjured) lung increased signifi- 
cantly (P < 0.05) to abnormally high levels within 4 
days (measurement II). Thus, abnormally increased 
LMVP for both the injured and noninjured lung was 
determined at measurement II. No difference in LM- 
VPI was found for patients with and without addi- 
tional multiple trauma. 

Pulmonary contusion was the most frequent cause 
of direct injury to the lung in 30 of these 37 patients, 
followed by aspiration in 4 and total atelectasis after 
bronchial intubation in 3. In 33 of the 37 patients ALF 
occurred early (<72 h) and in 4 it occurred late 


796 CRITICAL CARE AND TRAUMA PUTENSEN ET AL. 


LUNG MICROVASCULAR PERMEABILITY IN POSTTRAUMATIC ACUTE LUNG FAILURE 


Table 2. Lung Microvascular Permeability Index in 
Patients With Acute Lung Failure Due to a Direct 


Lung Injury 


LMVPI (%/hy 
Noninjured 
n Measurement Injured lung lung 
ALF after 24 1(<30h) 10.03 + 5.08° 3.73 + 3.33 
direct injury 


22° Il (4th day) 9.13 + 4.49 10.89 + 5.057 


Right lung Left lung 


ALF after 4 I (onset ALF) 11.57+6.18 12.63 + 5.73 
indirect 
injury 
4 WU (4days 12.3 + 5.49 11.92 + 5.75 
later) | 


ALF, acute lung failure; LMVPI, lung microvascular permeability index. 

“A LMVPI > 7.4 %/h is considered abnormal. Values for LMVPI are 
mean + SD. 

’Two patents with total atelectasis could not be transported to the 
gamma camera because of instable respiratory function at measurement II. 

€P < 0.01 vs noninjured lung. 

4P < 0.05 vs measurement I. 


(>72 h) after the direct injury (P < 0.01) (Figure 1, 
Table 3). Of the 30 patients with lung contusion, ALF 
developed early (<72 h) in 26 and late (>72 h) in 4 
(P < 0.002). All patients with aspiration of gastric 
contents or total atelectasis at the scene of the emer- 
gency had an early (<72 h) onset of ALF. The 
frequency of ALF, MOF, and sepsis syndrome per 
day and the primary manifestation of ALF, MOF, and 
sepsis syndrome are given in Table 3. Sepsis syn- 
drome developed in 27 of these 37 patients and 
always followed ALF caused by a direct injury to lung 
tissue. In 35 of the 37 patients, directly induced ALF 
was followed by MOF. The mean number of organ 
failures increased significantly at day 3 (Table 3). 


Acute lung failure after an indirect injury. In 11 of the 
52 patients, ALF followed an indirect injury. Four of 
these patients with sepsis syndrome had scinti- 
graphic determination of LMVP, whereas the condi- 
tion of the other seven patients did not allow trans- 
port to the gamma camera. The average ISS was 45 + 
23. The LMVPI of the right and left lung at measure- 
ments I and HI are given in Table 2. Lung microvas- 
cular permeability in both lungs was abnormally 
elevated at measurement I, indicating a generalized 
increased pulmonary transvascular protein flux with 
the onset of ALF. Four days later the LMVPI re- 
mained unchanged. 

Acute lung failure caused by an indirect injury 
developed in 4 of the 11 patients early (<72 h) and in 
7 patients late (>72 h) (Figure 2). Sepsis syndrome 
preceded or paralleled the onset of ALF in 7 of these 
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Figure 1. Early (<72 h) and late (>72 h) onset of acute lung failure 
(ALF) in the sequential failure of organ systems after a direct injury 
to lung tissue (n = 37). Early (<72 h) onset ALF was seen in 96% 
of the patients with a direct lung injury. **P < 0.01. 


11 patients (Table 3). Acute lung failure associated 
with sepsis syndrome developed in 6 of these 11 
patients late (>72 h) and only in 1 patient early 
(<72 h) (P < 0.02) (Figure 2). The frequencies of ALF, 
MOF, and sepsis syndrome per day and the primary 
manifestation of ALF, MOF, and sepsis syndrome are 
given in Table 3. Multiple organ failure was always 
present before the onset of ALF after an indirect 
injury to lung tissue. Mean numbers of organ failures 
were significantly higher compared to patients with a 
direct injury at day 1 and day 2 (Table 3). 

In four patients with ALF and a known medical 
history of severe lung disease (neoplasia, obstructive 
lung disease), we did not distinguish between direct 
and indirect injuries. 

Presence or absence of ALF seems not to cause a 
different outcome in our trauma patients (Table 1). 
No patient with ALF caused by direct and indirect 
injuries who died had untreatable respiratory failure, 
but always had MOF and sepsis syndrome. 


Discussion 


The main finding of our study is that a direct injury to 
lung tissue causes early ALF with an initially local- 
ized enhanced LMVP in the traumatized lung, fol- 
lowed by a generalized enhanced LMVP in all lung 
areas and complicated later by sepsis syndrome and 
MOF. In contrast, an indirect injury to lung tissue 
causes late ALF with initially enhanced LMVP in all 
lung areas commonly coexistent with sepsis syn- 
drome and MOF. 

Our simultaneous scintigraphic determination of 
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Table 3. Frequency and Primary Manifestation of Acute Lung Failure, Multiple Organ Failure, Sepsis Syndrome, and 
Mean Number of Organ Failures per Day in Patients With Acute Lung Failure After Direct or Indirect Lung Injury 


Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day9 Day 10 


ALF after direct injury 

(n = 37) 
Patients 

n 37 37 37 37 37 37 37 35 35 35 

% 100 100 100 100 100 100 100 100 100 100 
ALF 

n 16 33 34 34 34 33 28 25 22 19 

% 43 89 92 92 92 89 76 71 63 54 
New ALF 

n 16 17 1 1 1 1 — — — — 

% 43 46 3 3 3 3 — — — — 
MOF 

n — 2 22 27 29 28 28 26 25 25 

% — 6 65 73 78 76 76 74 71 71 
New MOF 

n — 2 20 5 2 1 1 1 2 l 

% — 6 62 9 6 3 3 3 6 3 
Organ failures’ 

n 0.8+0.1° 0940.4" 18408 2241 2441.1 25408 2640.9 29411 28409 33414 
Sepsis syndrome 

n — = — 1 6 6 9 19 22 25 

% — — — 3 16 16 24 54 63 75 
New sepsis syndrome 

n — = — 1 5 — 3 10 4 4 

% — — — 3 13 ~~ 8 29 11 11 
ALF after indirect injury 

(n = 11) 
Patients 

n 11 11 10 9 9 9 9 9 35 

% 100 100 100 100 100 100 100 100 100 100 
ALF 

n — 2 4 4 9 9 9 7 22 19 

% — 18 40 44 100 100 100 77 63 54 
New ALF 

n — 2 2 2 5 _ — _ — _ 

% — 18 20 22 56 — — — — ~~ 
MOF 

n 4 7 8 8 9 9 9 9 9 8 

% 36 64 80 88 100 100 100 100 100 88 
New MOF 

n 4 3 2 1 1 — — — — — 

% 36 27 20 li 11 — — — — — 
Organ failures’ 

n 14£0.2 18205 20403 2320.9 24409 2420.6 3+08 2.7408 31411 3321.5 
Sepsis syndrome 

n — 2 2 5 7 9 9 9 9 9 

% — 18 20 56 77 100 100 100 100 100 
New sepsis syndrome 

n — 2 — 4 3 2 — _ — — 

% — 18 — 40 34 22 — — — — 





ALF, acute lung failure; MOF, multiple organ failure; New ALF, primary manifestation of ALF; New MOF, primary manifestation of MOF; New sepsis 
syndrome, primary manifestation of sepsis syndrome. 

“n, mean number of organ failures of all patients per day; values are mean + sp. 

PP < 0.01 vs indirect injury (on the same day). 

“P < 0.05 compared within group (to the day before). 


LMVP over both lungs initially showed a localized On testing our modified scintigraphic technique ear- 
enhanced LMVP in the directly traumatized lung, lier, we observed in an almost identical sequence of 
later involving the primarily nontraumatized lung. changes in LMVP in 10 (50%) of the patients with 
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Number of patients with ALF 
following an indirect injury 
40 





10 
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(>72h) 


EARLY ONSET 
{<72 h) 


Figure 2. Early (<72 h} and late (>72 h) onset of acute lung failure 
(ALF) in the sequential failure of organ systems after an indirect 
injury to lung tissue {n = 11). 


thoracic injury (ISS = 32 + 11) who were each studied 
twice (9). However, the previous data only indicate 
this sequence of changes in LMVP, as in the 10 
patients (6 with isolated thoracic injury) LMVPI val- 
ues ranged up to 63% of the mean at both measure- 
ments (9). In a current prospective clinical trial, 
similar LMVPI values for measurements I and II were 
observed in patients with direct injury to the lung 
(lung contusion, total atelectasis) who had more 
severe additional injuries (ISS = 41 + 18). Thus, our 
data not only give evidence that direct injury to the 
lung causes an initially localized enhanced LMVP in 
the traumatized lung followed by a generalized en- 
hanced LMVP in all lung areas, but also demonstrate 
the reproducibility of the LMVPI measurements even 
in patients with more severe additional injuries to 
other tissues. 

In contrast, in four patients with ALF indirectly 
induced by sepsis syndrome, an initially increased 
LMVP over both lungs was observed. This initially 
generalized enhanced LMVP was also observed in an 
additional seven septic patients who did not suffer 
trauma and who were not included in the present 
study. 

Increased transvascular flux of labeled proteins 
indicates onset of ALF in humans (11,15,16). Without 
appreciating the difference in the consequences of 
direct and indirect lung tissue injuries to the temporal 
sequence of changes in LMVP, Lull et al. (17) ob- 
served the development of MOF in two ALF patients 
with abnormally increased LMVP at repeated mea- 
surements. A similar course was seen in almost all of 
our patients. Sturm et al. (18) found, by repeated 
measurements in 85% of his patients with multiple 
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trauma, an increased capillary permeability within 
the first 24 h after the trauma. However, these 
investigators did not discriminate between LMVP 
pattern in the traumatized and nontraumatized lung. 
Thus, our repeated simultaneous scintigraphic mea- 
surements of LMVP over both lungs were essential 
for detecting the different sequence in LMVP changes 
in posttraumatic ALF due to direct and indirect lung 
tissue injuries. In other studies, the use of single 
measurements of LMVP yielded only an instanta- 
neous image (11,16) or the application of a scintilla- 
tion detection probe over a small lung area (11,19) 
dependent on the probe’s position frequently re- 
sulted in overestimation or underestimation of 
LMVP, seriously biasing the scintigraphic determina- 
tion of LMVP in posttraumatic ALF. 

Like the temporal sequence of LMVP changes, the 
onset of ALF in the sequential failure of organ sys- 
tems is also determined by the nature of the lung 
injury (direct or indirect), Our prospective study 
showed that the 21% incidence of ALF in our trauma 
patients is associated with significantly higher ISS as 
reported earlier by Montgomery et al. (14). Acute 
lung failure occurred in 7%-86% of a miscellaneous 
population of high-risk patients (14,20-22). Posttrau- 
matic pulmonary insufficiency was observed in 6%- 
82% (14,23,24). However, the major problem in com- 
paring the incidence of posttraumatic ALF between 
different centers is the lack of standardization of 
diagnostic criteria and the heterogeneous patient 
populations. The incidence of ALF varies between 
35% and 70% in the same patients when different 
criteria are used (25). Results similar to ours were 
documented by investigators using comparable ALF 
criteria in patients with comparable ISS (7,14). 

The onset of ALF in the sequential failure of organ 
systems in our patients was determined by whether 
the gas exchange unit was injured directly or indi- 
rectly. Previous empirical observations assumed that 
early onset of ALF after direct thoracic trauma usually 
occurred during the first 24-72 h, whereas ALF after 
a trauma not injuring the lung developed later (8). 
Acute lung failure due to a direct injury (mainly lung 
contusion) developed in our patients early (<72 h) 
and was complicated later by other organ failures. 
Acute lung failure due to an indirect injury seemed to 
be a complication of other organ failures with or 
without infection. 

In most of our trauma patients, sepsis syndrome 
was a major complication once ALF was manifest 
after a direct injury. Similar findings were reported 
for patients with ALF due to a chest injury (26). Other 
authors (14,22) stressed the importance of sepsis as 
the primary risk factor for posttraumatic ALF. We 
found that sepsis syndrome commonly preceded or 
paralleled the onset of ALF only in the absence of a 
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direct injury to lung tissue. In contrast to previous 
reports on nontrauma (27) and trauma (14) patients, 
sepsis syndrome preceded or paralleled ALF only ina 
small number of our patients. Thus, our data suggest 
that in trauma patients, sepsis syndrome is a major 
risk factor in the development of ALF only in the 
absence of direct injury to the lungs. 

Multiple organ failure was almost always present 
in our trauma patients who developed ALF. Similar 
findings were reported by Montgomery et al. (14) and 
Faist et al. (23). In patients with ALF due to a direct 
lung injury, MOF followed later during their clinical 
course. This supports the contention that in trauma 
patients, ALF is usually the first organ failure in the 
sequence of MOF (13,22). Only in a minority of our 
trauma patients did ALF develop secondarily to pre- 
vious MOF, frequently coexistent with sepsis syn- 
drome. This is in contrast with earlier reports (28,29) 
observing the late onset of ALF in the sequence of 
MOF in surgical and medical patients. 

Our data suggest that direct and indirect injuries to 
lung tissue determine the temporal sequence of 
changes in LMVP, which in turn is related to a 
different clinical onset of ALF in the sequential failure 
of organ systems. 


We thank the Institute for Biomedical Statistics of the University of 
Innsbruck for help in statistical analysis. 
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Clinical Evaluation of Transtracheal Doppler for Continuous 


Cardiac Output Estimation 


Bernard Hausen, MD, Hans-Joachim Schafers, MD, Roland Rohde, MD, 
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Division of Thoracic and Cardiovascular Surgery, Surgical Center, Hannover Medical School, Hannover, Germany 


A newly developed transtracheal Doppler (TTD) 
computer for cardiac output determination was stud- 
ied in nine patients after open heart surgery (coro- 
nary artery bypass grafting, n = 4; mitral valve 
replacement, n = 5). The measurements were com- 
pared with those simultaneously obtained by ther- 
modilution. Doppler signals were adequate in 78% of 
the patients studied. Limited correlation between 
both methods (r = 0.248; 7 = 0.0615; mean of 
difference, 1.714 + 1.67 L/min; limits of agreement, 
—1.6 to 5.0 L/min) was found. The large difference in 
cardiac output readings between TTD and thermodi- 
lution may be due to (a) false angles of the ultrasound 


patients after open heart surgery is valuable, 

especially in cases with compromised myocar- 
dial function. Several methods for CO measurement 
have been developed, the most frequently used being 
the thermodilution technique (1). Other methods 
include indicator dilution techniques (2), the direct 
Fick method (3), transthoracic electrical impedance 
(4,5), and Doppler ultrasound probes placed at the 
suprasternal notch or in the esophagus (6-8). The 
request by clinicians for a continuous and noninva- 
sive method resulted in the development of a special 
tracheal tube with a Doppler probe at its distal 
portion for transtracheal Doppler (ITD) measure- 
ments of the aortic blood flow just beyond the aortic 
valve (9). The diameter of the ascending aorta and the 
blood velocity proximal to the aortic arch are mea- 
sured (10). When compared with other systems for 
noninvasive CO determination (i.e., the transesoph- 
ageal Doppler), this method has certain theoretical 
advantages as it includes an automatic assessment of 


l The determination of cardiac output (CO) in 
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beam in relation to the aortic wall and blood flow or 
(b) misplacement of the ultrasound head and under- 
estimation of the aortic lumen. Patients must be 
completely sedated and paralyzed to prohibit arti- 
facts. Routine patient care can interfere with contin- 
uous measurements. Cardiac output determinations 
by TTD are limited to the period during which the 
trachea is intubated with the special TTD tube. We 
conclude that the TTD system does not offer accurate 
cardiac output determinations and that the routine 
use of this device is not practical. 

(Anesth Analg 1992;74:800-4) 


the aortic diameter proximal of the aortic arch. There- 
fore, the determination of CO theoretically resembles 
the actual output of the left ventricle excluding the 
coronary blood flow. 

For this study, a TTD CO computer was clinically 
tested in postcardiotomy patients. Measurements 
were compared with data obtained simultaneously by 
thermodilution. The primary goal was to determine 
the reliability, practicability, and ease of managing 
the TTD computer. 


Methods 


Nine patients (aged 56-70 yr), four with coronary 
artery disease and five with mitral valvular disease, 
were evaluated during the immediate postoperative 
period after written consent had been given and the 
study had been approved by the ethical committee of 
our institution. To facilitate CO comparisons, a 7F 
pulmonary artery flow-directed thermodilution cath- 
eter (Braun pulmonary artery catheter) was intro- 
duced. Cardiac output was determined and automat- 
ically calculated using an injected volume of 10 mL of 
cold saline at 4°C. All measurements were performed 
with the same CO computer and by the same opera- 
tor following system calibration (Braun Cardiac Out- 
put Computer) (11). Thermodilution measurements 
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were performed in triplicate. Additional measure- 
ments were executed if a deviation of more than 10% 
occurred within one series. Saline was injected by 
hand at the end of expiration. Transtracheal Doppler 
CO determinations and the thermodilution method 
were performed during the same interval. 

The tracheas of all patients were intubated with a 
TTD tube (Applied Biometrics Incorporated ABCOM 
I, software version 4.4) during induction of anesthe- 
sia according to the guidelines recommended by the 
manufacturer. These included (a) checking the cuff 
for leaks and the trapezoidal shape of the cuff by 
insufflation with air and (b) performing an automatic 
“tube-test.” The latter test included gentle tapping of 
the transducer tip of the endotracheal tube onto clear 
gel that had been placed on a gauze pad. The gel was 
then spread over the entire transducer for good 
tube-to-mucous surface contact. The tube was only 
used if the tube-test procedure resulted in a “TUBE 
OK” readout by the computer. Tubes of size 7.0- 
8.0 mm were used according to patient weight and 
height. 

With the transducer bump at the end of the tube 
placed anteriorly and midline, the trachea was intu- 
bated. The tube was positioned by listening to its 
typical Doppler sound and watching a display con- 
sisting of red and green lighting bars, where red 
would visualize reverse and green forward blood 
flow. With the cuff deflated and the head turned just 
left of midline, the tube was advanced until display 
and sound disappeared. The tube was then with- 
drawn until both display and sound reappeared and 
then again disappeared. Proper tube position was 
defined as the point halfway in between these two 
endpoints. Maximal sound and display should be 
obtained in this position. After the tube was secured, 
the head was slowly rotated to one side until sound 
and display was lost. The rotation of the head was 
then reversed until sound and display reappeared 
and then disappeared again. Halfway between the 
two endpoints of rotation, maximal forward flow 
(green) and minimal reverse flow (red) should be 
observed. The cuff was inflated using the minimal 
leak technique. 

First measurements were performed approxi- 
mately 34 h after tracheal intubation when the 
patient had reached the intensive care unit and was 
considered hemodynamically stable. The transtra- 
cheal tube was then repositioned using the technique 
previously described. The ABCOM CO computer 
operates in a pulsed Doppler mode with a carrier 
frequency of 5 MHz. A signal quality above 3.5 on the 
display was the recommended minimum for reliable 
measurements according to the manufacturer’s 
guidelines. Measurements were performed in tripli- 
cate, and additional measurements were executed if a 


CRITICAL CARE AND TRAUMA HAUSEN ET AL. 801 


TRANSTRACHEAL DOPPLER FOR CARDIAC OUTPUT MEASUREMENT 









I/min 
© 12 
a 
a 14 
= 40 
© 9 
x= 
5 8 
o 7 
cC 
= 6 
e.g E 
> a? 
2 ae C] 
-| 4 gh 
3 asi) B 
Í 7 fon fie, 
3 gus 
© 2 P 
& 1-4 =“ slope = 0,126 r = 0,248 
z 0 -p I/min 
oO 0 Tt 2 8 4 6 6 rT o 9 1B: 4T 72 


Cardiac Output by Thermodilution 


Figure 1. Scatter plot with individual CO values determined by the 
transtracheal Doppler method in relation to the results of the 
thermodilution method. Straight line resembles line of identity. 


deviation of more than 10% occurred within one 
series. Loss of signal quality was corrected by repo- 
sitioning of the tube or rotating the patient's head. 
Measurements were performed in completely se- 
dated and paralyzed patients to avoid signal distur- 
bance by inadvertent patient movement. 

Means and standard deviations were calculated, 
and a standard linear regression analysis was per- 
formed between TTD and thermodilution with calcu- 
lation of r, r°, slope, and intercept, assuming ther- 
modilution as the reference method. According to the 
statistical analysis proposed by Bland and Altman 
(12), the mean difference + sp between measure- 
ments and the limits of agreement, described by the 
mean difference + 2 sp, within which 95% of the 
differences lie, was calculated. The standard error of 
the differences was calculated as (s?/n)"*, where n is 
the sample size and s is the standard deviation. 


Results 


A total of 27 paired measurements of CO by TTD and 
thermodilution were made in nine patients. The TTD 
value ranged from 0 to 10 L/min, whereas the ther- 
modilution value ranged from 3.4 to 7.3 L/min. A 
comparison of the means of thermodilution and TTD 
values for each patient separately revealed a constant 
underestimation by the TTD method of about 
1.7 L/min. A recalculation of the CO using this bias as 
a correction factor did not lead to an agreement in the 
measurements of both methods. The correlation of 
thermodilution with TTD values was r = 0.248 
and r? = 0.0615. The y-intercept was at 0.8 L/min 
(Figure 1). 

The mean difference according to the method of 
Bland and Altman was 1.7 + 1.67 L/min, with the 
limits of agreement at —1.56 and 4.99 L/min and a 
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Figure 2. Scattergrams of differences between the CO determined 
by thermodilution values minus transtracheal Doppler values 
against the thermodilution CO. The mean of differences is indi- 
cated by the dashed line, and the limit of agreement (an interval of 
2 sp about the mean) is enclosed by the pair of dotted lines. 


confidence interval of 95%. The standard error of 
differences was 0.32 L/min (Figure 2). 

The average time required to position the TTD 
probe for adequate signal quality and intensity was 
15 + 12 min, with little decrease in time required 
toward the end of the study. The signal quality did 
not remain adequate during the 8-h study interval in 
95% of the patients measured, and readjustments 
were therefore required. It was necessary to deflate 
the tube cuff for repositioning of the tube an average 
of 3 + 2 times per patient. 


Discussion 


The fundamental problem of the Doppler CO deter- 
mination revolves around the noninvasive measure- 
ment of the aortic diameter and the proximate blood 
velocity. Mathematical considerations imply that 
blood velocity and aortic area should be measured at 
the same level, as velocity has to change to maintain 
the same flow with an altered cross-sectional area. 
This is in accordance with the following formula: 


Q = vA, (1) 


where Q = flow rate of blood, v = average blood 
velocity, A = area of the aortic cross section. 
Measurement of the aortic cross-sectional area 
(CSA) may be one of the most important sources of 
error in estimation of CO by ultrasonography as has 
been established by Fisher et al. (13) and Goldberg et 
al. (14). These groups have shown that the velocity 
does not vary at different measuring sites along the 
ascending aorta as much as the area does. Ihlen et al. 
(15) pointed out that to avoid problems in CSA 
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calculation of a noncircular aortic shape in humans, 
the determination with ultrasonography should be 
performed using the short-axis technique, which pro- 
vides direct access to the aortic root area (16). In the 
TTD system by ABCOM, the CSA is determined by 
range gating of the Doppler signal in 1-mm steps ina 
direction perpendicular to the transducer through the 
aorta to ranges as far as 60 mm from the transducer. 
The walls of the aorta can be distinguished by the 
Doppler shift because wall motion has a distinctive 
signal quality. 

In the TTD system, the CSA is then assumed to be 
circular and, after determination of the cross- 
sectional range of the aorta, the diameter can be 
calculated according to the following formula: 


d = rsin 9, (2) 


where d = diameter, r = range, and 0 = angle 
between the ultrasound beam and the aortic longitu- 
dinal axis. 

Identification of the sites for area measurement 
requires cross-sectional echocardiography in two 
planes: typically A-mode display from the third and 
fourth intercostal space near the sternum (17). The 
correct site for CSA determination is first verified by 
the examiner by selecting a cross section as close to 
the aortic root as possible, a procedure that cannot be 
performed with the TTD system. In addition, stan- 
dard techniques consider the aortic diameter to be 
consistent during different phases of the cardiac 
cycle. However, Huntsman et al. (17) and Greenfeld 
and Patel (18) have proved a variance in aortic root 
area during systole of up to 10%. The only site that 
was unchanged during the cardiac cycle was the 
aortic orifice. 

Measurement of the aortic root area using echocar- 
diography in patients who have undergone cardiac 
surgery may be quite difficult owing to slight shifts in 
mediastinal structures and small amounts of medias- 
tinal air (19). The size of the aorta equals the size of 
the flow channel (except in aortic stenosis), and the 
total forward flow during systole equals the stroke 
volume (except in patients with aortic regurgitation) 
(20). For this reason, patients with aortic stenosis, 
prosthetic valves in the aortic position, or aortic 
insufficiency have been excluded from this study, 
and CO determinations in this group of patients 
cannot be accurately performed with this system. 
Errors in CSA owing to changes in aortic pressure can 
amount to 3%-12% according to studies by Merrilon 
et al. (21), which is another source of error. 

Aortic blood velocity is measured by means of the 
Doppler effect using the following formula: 


~ 2fs cos @ ' 





y 


(3) 
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where f, = Doppler shift frequency, fọ = transmitted 
frequency, v = velocity of erythrocytes, and c = 
velocity of sound in blood. 

The following formula summarizes the preceding 


The angle êrrp = 52.4° used by the ABCOM system 
was determined by Abrams et al. (22) by comparing 
the results of ascending aortic diameter estimation 
with the TTD system and B-mode echocardiography 
in 18 patients. The best least-squares fit for @ was 
calculated to be 52.4° + 3.8°. Any difference between 
this predetermined @ppp and the actual angle be- 
tween the ultrasound beam and the aortic blood flow 
Grp will result in a discrepancy between the blood 
flow calculated by TTD (Qrrp) and the flow deter- 
mined by TD (Qrp). The above formula can then be 
modified for the correct angle @yp: 














Af sint @rp 
Qn = s(a a 2) (5) 
Om E sin? tp cos rro 2 
Onp  \ cos Or * sin? 9r) (6) 


The mathematical relation of Qrp and Qrrp is de- 
picted in the following equation. To explain the 
differing values of Qrp and Qrrp mainly by an error 
in the estimation of 0, one can calculate an angle 60 by 
rearranging Equation (6) according to trigonometric 
equations: 


88 = frp — brp = 


where 





en? 
_ Qmp (= a) (3) 


Po Os cos Orro / 


For a correct determination of the patient's cardiac 
output, 50 must be as small as possible, ideally 0°. A 
difference between the actual 6,5 and the empirically 
determined rrp of 10°~15° would explain an error in 
the CO determined by TTD of from 40% to more than 
100%. A variation of 50 in this range with a patient 
not sedated and not paralyzed seems quite possible 
and could explain the inconsistency in the TTD 
measurements in awake patients. 

Gregoretti et al. (23) have recently compared the 
TTD system by ABCOM against thermodilution and 
electromagnetic flow in an experimental setting. As 
this group had carefully determined 8 in each indi- 
vidual animal to minimize one of the main sources of 
error, they attributed the lack of statistical correlation 
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to shortcomings in the method of Doppler velocime- 
try used by TTD systems. 

In addition to these theoretical limitations of the 
TTD system, we have also noticed a number of 
practical weaknesses. For optimal positioning of the 
tube, the cuff sometimes has to be deflated for as long 
as 10 min. We believe that this procedure may have 
been the source of aspiration pneumonia seen in two 
patients 24 h after termination of the measurements. 
These patients were still on the ventilator, and de- 
contamination of the oropharynx had been executed 
before cuff deflation and tube repositioning. Defla- 
tion of the cuff can be detrimental in patients requir- 
ing 100% oxygen and high ventilatory pressures. In 
addition, the patients had to be sedated repeatedly to 
avoid head movements and patient discomfort dur- 
ing tube manipulation and subsequent measure- 
ments. For optimal performance of the TTD tube, the 
transducer must be placed in the trachea at a height 
adjacent to the aortic arch. It is therefore possible to 
position the tube close to the tracheal carina at the 
risk of unilateral ventilation of the lungs. 

The average time for tube adjustment was approx- 
imately 20-30 min per patient. Trained representa- 
tives of the manufacturing company could complete 
this procedure faster, but the cuff was still kept 
deflated for more than 10 min. A physician working 
in an intensive care unit usually cannot spare this 
amount of time for routine CO determinations. In 2 of 
9 patients (22.2%), the representative could not attain 
an optimal signal at all. The system is very sensitive 
to patient movement, so that the tube often had to be 
readjusted after routine patient care (e.g., clearing of 
endotracheal secretions, chest radiographs), limiting 
the “continuous” aspect of this method. 

To determine the reliability of the TTD measure- 
ments compared with the so-called “gold standard” 
of thermodilution, one must take into account that 
the thermodilution technique itself has an accepted 
variation of approximately 10% (1). As CO varies 
with respiratory cycle, there is potential bias in mea- 
suring CO at end exhalation. The fact that all mea- 
surements were done by two observers simulta- 
neously and that each observer was not blinded to 
the measurement of the other could pose an addi- 
tional source of bias. Despite these limitations of the 
thermodilution technique, reliability of the TTD sys- 
tem appears to be unacceptable for routine clinical 
application. Deviations of more than 50% when com- 
pared with the thermodilution measurements were 
seen in more than half of the patients. The results are 
worse than those presented by Siegel et al. (24). 
When comparing the same TTD system against ther- 
modilution, this group found a correlation of 0.66 
with an error of —0.3 + 1.6 L/min (mean + sp) and an 
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absolute error of 1.2 + 1.1 L/min. Difficulties in 6. 


positioning and handling have been reported (24). 
Obviously, measurements in the group of patients 

who had open heart surgery had to be discontinued 

after tracheal extubation (generally 8-12 h after the 


“I 


patient had reached the ICU). It could be argued that 8: 


hemodynamically unstable patients requiring re- 
peated CO determinations should be kept intubated. 9 
However, CO measurements are believed to be nec- 
essary after extubation for optimal management in 


some patients, which is not possible with the TTD 10. 


system. 

In our opinion, the term “noninvasive” for the 4 
thermodilution system must be considered relative. 
The repeated manipulation of an endotracheal tube 


with deflation and inflation of the cuff, as well as 1 


additional sedation and paralysis, could be regarded 
as more harmful than the simple insertion of a 43 
pulmonary artery catheter. 

In conclusion, we found a poor correlation with a 
large error of measurement between the thermodilu- 
tion and TTD systems. The TTD system underes- 
timates the CO, which may be due to false angles of 
the ultrasound beam in relation to aortic wall and 


blood flow. Misplacement of the ultrasound headand 15. 
16. 


underestimation of the aortic lumen also may be the 
reason for large differences in CO readings. In addi- 
tion, the TTD system does not appear to be practical 
for routine use because it is too sensitive to patient 


movement. Signal optimization requires too much. 


time, and the necessary deflation of the tube cuff 
could allow aspiration. For a continuous reading, 18 
repeated manipulations of patient and tube become 


necessary. 19. 
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Angiotensin-converting enzyme inhibitors (ACEIs) 
are increasingly used in the treatment of cardiovas- 
cular disease, but recent reports have warned of some 
hemodynamic risk (hypotension and bradycardia) 
when associated with anesthesia. To assess the he- 
modynamic effects of induction of anesthesia in pa- 
tients chronically treated with ACEIs, 16 hyperten- 
sive patients scheduled for coronary artery bypass 
graft surgery (n = 12) or vascular surgery (n = 4) were 
studied. Eight of them were chronically treated (for 
at least 1 mo) with ACEIs (ACEI group), and the 
remaining eight (control group) were treated with 
other classes of antihypertensive drugs. Induction of 
anesthesia, which consisted of flunitrazepam 
(0.03 mg/kg), fentanyl (0.006 marks) and pancuro- 
nium (0.1 mg/kg) IV, was followed by a significant 
decrease in mean arterial blood pressure from base- 
line in both groups (by 16.8% in controls [P = 0.001] 
and 33.5% in ACEI-treated patients [P = 0.001] [P = 
0.041 between groups]). In control patients, mean 
arterial blood pressure decrease was only associated 
with a significant decrease in cardiac index (—18%, 


ngiotensin-converting enzyme inhibitors 

(ACEIs) are extensively used in the treatment 

of cardiovascular disease (1,2). It is well ac- 
cepted that their therapeutic action is mainly medi- 
ated by inhibiting angiotensin H formation (1,3,4). 
However, the range of their therapeutic indications is 
increasing, whether prior plasma renin activity is 
increased or not (1,4), and the number of patients 
chronically treated with ACEIs and scheduled for 
surgery will likely increase (5). 

On the other hand, the prevailing view holds that 
angiotensin II may contribute to hemodynamic regu- 
lation during anesthesia (6,7). Some recent reports 
have warned of episodes of profound hypotension 


Accepted for publication February 20, 1992. 

Address correspondence to Dr. Colson, Departement d’Anes- 
thesie-Réanimation B, Centre Hospitalo-Universitaire, Hôpital St- 
Eloi, Avenue Bertin-Sans, 34059, Montpellier Cedex, France. 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


P = 0.014). In ACEl-treated patients, the arterial 
blood pressure decreases were associated with con- 
sistent reductions in pulmonary capillary wedge 
pressure (—26.4%; P = 0.035) and cardiac index 
(-23.9%; P = 0.001). Systemic vascular resistance 
index and heart rate were moderately changed 
(—14.2% and —4.5%, respectively). Rapid restoration 
of arterial blood pressure was obtained in all ACEI- 
treated patients, mainly with the intravenous admin- 
istration of 0.4 to 0.7 L of lactated Ringer’s solution. 
Phenylephrine (0.38 + 0.9 mg) was, however, re- 
quired in four patients when mean arterial blood 
pressure was less than 60 mm Hg. These results 
suggest that hypotension associated with induction 
of anesthesia in hypertensive ACEI-treated patients is 
due to the inability of the heart to maintain cardiac 
output during acute decreases in ventricular volume. 
However, moderate intravascular administration of 
crystalloids and doses of phenylephrine were re- 
quired to control blood pressure. 

(Anesth Analg 1992;74:805-8) 


and bradycardia during anesthesia in patients treated 
with ACEIs (8-10), and some authors have advocated 
discontinuing ACEI treatment preoperatively (10). 
However, anesthesia in patients treated with ACEIs 
is not invariably associated with severe hemody- 
namic alteration (11-13), and precise hemodynamic 
data during anesthesia in patients chronically treated 
with ACEIs are lacking (5). 

The purpose of this study was to evaluate the 
hemodynamic effects of induction of anesthesia in 
one group of hypertensive patients treated with 
ACEIs versus another group not treated with ACEIs. 


Methods 


Each patient gave informed consent to the protocol, 
which was approved by our institutional Committee 
for Ethics in Clinical Research. Sixteen patients (2 
women, 14 men) scheduled for coronary artery by- 


Anesth Analg 1992;74:805-8 805 


806 CARDIOVASCULAR ANESTHESIA 
ACE INHIBITORS AND ANESTHESIA 


COLSON ET AL. 


pass graft surgery (n = 12) or abdominal aortic 
surgery (n = 4) participated in this study. Patients 
suffering from cardiac failure or with prior renal 
dysfunction were not included. Preoperative therapy 
was maintained until the day of surgery. All patients 
were treated for hypertension for at least 1 mo with 
either an ACEI, B-adrenergic blocking drug, calcium 
antagonist, or diuretic. The patients were allocated to 
the ACEI group when they were treated with ACEIs 
(n = 8) or to the control group in the other cases (n = 
8). The last dose of hypertensive drugs except diuret- 
ics was given at the time of premedication 60 min 
before going to the operating room. 

Premedication consisted of flunitrazepam (1 mg 
orally). In all patients, a 7F thermodilution pulmo- 
nary catheter was inserted via the jugular vein and a 
radial artery catheter was inserted, both under local 
anesthesia before induction of general anesthesia. 
Anesthesia was induced with fentanyl (0.006 mg/kg), 
flunitrazepam (0.03 mg/kg), and pancuronium 
(0.1 mg/kg) IV. After tracheal intubation, ventila- 
tion was controlled to ensure normal blood gases. 
Anesthesia was then maintained with fentanyl 
(0.006 mg-kg~*-h7") and 50% nitrous oxide in oxy- 
gen. Additional doses of fentanyl (0.1-0.2 mg) and 
occasionally droperidol could be used to maintain 
mean arterial blood pressure (MAP) at less than 
105 mm Hg. Hypotension (MAP < 70 mm Hg) was 
treated with intravenous administration of lactated 
Ringer’s solution or with phenylephrine (bolus of 
0.25 mg) when MAP was less than 60 mm Hg. 

Systemic hemodynamics were measured before 
induction of anesthesia and repeatedly afterwards 
before skin incision. Data are expressed as mean + 
SEM. Two-way analysis of variance, Bonferroni's test 
for repeated within-group measurements, and Stu- 
dent's t-test between groups were used to determine 
statistical significance. P values of <0.05 were con- 
sidered significant. 


Results 


Both groups of patients were similar with regard to 
demographic characteristics and preoperative arterial 
pressure (Table 1). Preoperative treatment consisted 
of a single antihypertensive drug in six control pa- 
tients, a combination of two antihypertensive drugs 
in two control patients and four of the ACEI-treated 
patients, and a combination of three antihypertensive 
drugs in four ACEI-treated patients (Table 2). 
Before induction of anesthesia, hemodynamic var- 
iables were similar in both groups except for pulmo- 
nary capillary wedge pressure (PCWP), which was 
higher in the ACE]-treated group than in the control 
group (P = 0.035) (Table 3). Induction of anesthesia 
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Table 1. Demographic and Preoperative Data 


Control ACEI 
No. of patients 8 8 
Demographic data 
Age (yr) 62.7 = 4.5 66.4 + 4.1 
Weight (kg) 72.6 + 2.8 63.8 + 3.5 
MAP (mm Hg) 92.6 + 3.9 94.4 + 5.8 


MAP, mean arterial blood pressure; ACEI, angiotensin-converting en- 
zyme inhibitor. 
Data are expressed as mean + SEM. 


Table 2. Preoperative Antihypertensive Treatment 


Patient Control group ACEI group 


1  Nicardipine Enalapril + furosemide 
2  Acebutolol + nifedipine Ramipril + bepridil + sotalol 
3 Oxprenolol + furosemide Captopril + furosemide + 


diltiazem 

4 — Diltiazem Captopril + furosemide + 
nifedipine 

5 Nifedipine Enalapril + furosemide + 
nifedipine 

6 Verapamil Lisinopril + verapamil 

7 Nifedipine Lisinopril + bumetamide 


8 Nicardipine Captopril + acebutolol 


ACEI, angiotensin-converting enzyme inhibitor. 


was followed by a significant decrease in MAP from 
baseline in both groups: by 16.8% in controls (P = 
0.001) and 33.5% in ACEI-treated patients (P = 0.001) 
(P = 0.041 between groups) (Table 3). In the control 
group, MAP decrease was associated with significant 
reductions in cardiac index (CI) (by 18%, P = 0.014) 
and stroke volume index (SVJ) (by 24.2%, P = 0.001), 
whereas heart rate (HR), PCWP, and systemic vascu- 
lar resistance index (SVRI) were not significantly 
altered (+7.1%, 0%, and —4.7% from baseline, re- 
spectively) (Table 3). In ACEI-treated patients, 
PCWP, Cl and SVI decreased significantly from base- 
line by 26.4% (P = 0.035), 23.9% (P = 0.001), and 
23.5% (P < 0.007), respectively; HR and SVRI 
changes were not statistically significant (—4.5% and 
—14.2%, respectively) (Table 3). 

Hypotension (MAP < 70 mm Hg) occurred in 3 of 
8 control patients (37.5%) and in 6 of 8 ACEI-treated 
patients (75%), but HR was never less than 49 beats/ 
min in any patient. Hypotension was treated with 
intravenous crystalloid administration in both groups 
(0.44 + 0.03 L vs 0.62 + 0.10 L for control and 
ACEI-treated patients, respectively) but four ACEI- 
treated patients required phenylephrine (0.38 + 
0.9 mg). 

In these four patients (individual treatment in 
Table 4), MAP decrease was severe (by 44.4% from 
baseline) and associated with decreases in PCWP, CI, 
and SVRI (by 34.3%, 27.9%, and 30.4%, respectively) 
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Table 3. Hemodynamic Data” 


Control ACEI F 
HR (beats/min) 
Awake 66.1 + 3.9 68.9 + 4.0 0.628 
Anesthesia 70.8 + 3.6 65.8 + 4.0 0.419 
MAP (mm Hg) 
Awake 93.8 + 4.4 100.4 + 6.7 0.313 
Anesthesia 78.0 + 3.1 66.8 + 3.8 0.041 
(P = 0.001) (P = 0.001) 
PCWP (mm Hg) 
Awake 11.0 + 1.8 16.3 + 1.3 0.035 
Anesthesia TILLI 12.0 + 1.2 0.433 
(P = 0.035) 
CI (L-min7!«m~4) 
Awake 2.85 + 0.16 2.59 +0.13 0.229 
Anesthesia 2.33 + 0.11 1.97 + 0.08 0.024 
(P = 0.014) (P = 0.001) 
SVI (mL/m?) 
Awake 43.8 + 2.8 40.4 + 2.8 0.434 
Anesthesia 33.2 + 1.8 30.9 + 2.6 0.478 
(P = 0.001) (P = 0.007) 
SVRI (dyne-s-cm7>-m~*) 
Awake 2713 + 225 2735 + 290 0.410 
Anesthesia 2585 + 137 2346 +315 0.411 


HR, heart rate; MAP, mean arterial blood 


; PCWP, pulmonary 


capillary wedge pressure; CI, cardiac index; SVI, stroke volume index; SVRI, 
systemic vascular resistance index. 

Data are expressed as mean t SEM. 

“P value within group is given in parentheses; all other P values are 
between groups. 


Table 4. Individual Antihypertensive Treatment in 
Phenylephrine Group , 


Patient 1: enalapril, furosemide 

Patient 2: ramipril, bepridil, sotalol 

Patient 3: captopril, furosemide, diltiazem 
Patient 4: captopril, furosemide, nifedipine 


Table 5. Phenylephrine Group 
Awake Anesthesia Phenylephrine 


HR (beats/min) 68.0 + 4.3 61.5 +48 53.3433 
MAP (mm Hg) 95.0 + 10.2 52.8 + 2.3 78.0 + 7.3 
PCWP (mm Hg) 21.0 + 3.7 13.8 +3.4 17.8 t 3.2 
CI (L-min` t-m?) 2.65 + 0.2 1.91 +0.12 2.10 £ 0.13 
SVI (mL/m?) 39.2 + 4.5 320 +41 39.7425 


SVRI {(dyne:sscem -m 7?) 2686 + 526 1867 + 224 2676 + 206 


HR, heart rate; MAP, mean arterial blood pressure; PCWP, pulmonary 
capillary wedge pressure; CI, cardiac index; SVI, stroke volume index; SVRI, 
systernic vascular resistance index. 

Data are expressed as mean + SEM. 


(Table 5). Phenylephrine induced an increase in 
PCWP and SVRI (by 29% and 43.3% from hypoten- 
sion, respectively) associated with an increase in 
MAP (+47.7%) but induced a further decrease in HR 
(—21.6% from baseline and —13.3% from hypoten- 
sion) and a moderate increase in C] (+9.9%) (Table 5). 

Additional doses of fentanyl or droperidol were 
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not required in any group between induction of 
anesthesia and skin incision. There was no other 
hypotensive episode in any group after skin incision. 


Discussion 


This study demonstrated that the incidence of hypo- 
tension may be high during induction of anesthesia 
in hypertensive patients chronically treated with 
ACEIs. Hypotension was, however, easily treated 
with administration of intravenous crystalloids and 
moderate doses of phenylephrine. In vitro measure- 
ment of angiotensin-converting enzyme inhibition 
was not actually done because there is no easy 
technique for measurement of ACEI activity during 
chronic administration (14). Moreover, even with 
direct accurate measurements of angiotensin I and II 
using high-pressure liquid chromatography tech- 
niques, some discrepancy has been described be- 
tween in vitro angiotensin-converting enzyme activ- 
ity and the persisting antihypertensive effect of ACEI 
in vivo (14). Differences in pathophysiologic respon- 
sibility between tissue and circulating angiotensin- 
converting enzymes for hypertension and sensitivity 
to inhibitors have been suggested (3,14,15). Never- 
theless, inhibition of angiotensin II formation mostly 
explains the expected effect of ACEI treatment in 
hypertensive patients, i.e., blood pressure control 
(1,3,4). 

Our data confirm that induction of anesthesia may 
cause a marked decrease in blood pressure in hyper- 
tensive patients chronically treated with ACEIs. The 
ACEI-treated patients in this study were all receiving 
two (n = 4) or three (n = 4) antihypertensive agents 
preoperatively. It is noteworthy that severe hypoten- 
sion (MAP < 60 mm Hg) occurred in all three 
ACEI-treated patients receiving a combination of 
three antihypertensive drugs. This suggests that the 
severity of hypertensive disease as well as the asso- 
ciated medications may have accentuated the hemo- 
dynamic effects of anesthesia induction (16). This 
situation does not compare with anesthesia in pa- 
tients who have no history of hypertension or have 
mild hypertension, whose short-term preoperative 
ACEI treatment was well (11-13) or even badly toler- 
ated (9) during induction of anesthesia. Moreover, in 
the study by Kataja et al. (9), a low PCWP at the time 
of induction of anesthesia should have been an early 
warning of the greater risk of hypotension, as it is 
well known that the arterial blood pressure of ACEI- 
treated patients is markedly volume dependent (17). 
Arterial blood pressure decrease, therefore, has been 
correctly treated with intravenous fluid administra- 
tion (9), which further confirms the intravascular 
volume dependence of arterial blood pressure in 
patients treated with ACEIs (17. ` 
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When hypotension occurred in ACEI-treated pa- 
tients, heart rate did not paradoxically increase. An 
increased parasympathetic tone, especially on 
chronic treatment with ACEIs, has been described 
(18). The further decrease in heart rate after phenyl- 
ephrine injection is possible evidence of increased 
parasympathetic tone as well as increased baroreflex 
sensitivity (18). The important hemodynamic altera- 
tion after induction of anesthesia is decreased left 
ventricular preload. Although absolute values of 
PCWP are poorly correlated with left ventricular 
end-diastolic volume in hypertensive patients (19), 
significantly decreased PCWP likely reflects left ven- 
tricular preload reduction. Even so, stroke volume 
index was not significantly lower in ACEI-treated 
patients than in controls after induction of anesthe- 
sia. The associated reduction in afterload, as assessed 
by the decrease in SVRI may have offset the preload 
effect on left ventricular ejection fraction (20). 

In conclusion, increased parasympathetic tone and 
altered adaptation of cardiac output to acute de- 
creases in ventricular preload account for the hemo- 
dynamic effect of anesthesia induction in hyperten- 
sive patients chronically treated with ACEIs. The 
severity of the underlying hypertensive disease may 
itself increase the magnitude of hemodynamic 
changes. In this case, normal or even high ventricular 
filling pressures (PCWPs) before anesthesia induction 
do not guarantee hemodynamic stability during an- 
esthesia. 
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Intravenous Nifedipine to Treat Hypertension After 
Coronary Artery Revascularization Surgery. A Comparison 


With Sodium Nitroprusside 


Howard J. Nathan, MD, Sylvie Laganiére, PhD, Louise Dubé, PhD, Brian Foster, PhD, 
Jan McGilveray, PhD, Margaret Harrison, MHA, Michael Bourke, Mp, Charles Cattran, MD, 


Gilles de LaSalle, MD, and James Robblee, MD 


Department of Anesthesia, University of Ottawa and Department of Biopharmaceutics, Bureau of Drug Research, 


Ottawa, Ontario, Canada 


We administered sodium nitroprusside (SNP) or nife- 
dipine intravenously to patients who became hyper- 
tensive after elective coronary revascularization and 
compared their effects on hemodynamics and the 
electrocardiogram in a parallel, randomized, open- 
label study. Four of 21 patients treated with nife- 
dipine required the addition of SNP to maintain mean 
arterial pressure <90 mm Hg, compared with 4 of 28 
patients in the SNP group who required the addition 
of nifedipine. The success rates of nifedipine (81%) 
and SNP (86%) were not significantly different. There 
was no difference in the incidence of adverse ST- 
segment changes during drug infusion (4% versus 
5%) or perioperative myocardial infarction (9.5% ver- 
sus 10.7%) in the nifedipine versus SNP groups, 
respectively. The plasma nifedipine concentration 


patients to control elevated blood pressure after 

coronary artery bypass surgery (CABG), al- 
though dangerous hypotension (1) and coronary steal 
can occur (2). An ideal agent for the treatment of 
these patients would rapidly reduce systemic vascu- 
lar resistance, cause little or no myocardial depres- 
sion, and have a favorable effect on myocardial blood 
flow distribution. Seitelberger et al. (3,4) recently 
suggested that a 24-h intravenous infusion of ni- 
fedipine, beginning intraoperatively, may reduce the 
incidence of myocardial ischemia after CABG. No 
study has proved that calcium entry blockers have 


. odium nitroprusside (SNP) is commonly used in 
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(mean value + sp) at steady state for 21 patients 
receiving nifedipine was 119 + 42.5 ng/mL. The 
pharmacokinetic variables for nifedipine were as fol- 
lows (mean values + sp): systemic clearance, 0.525 + 
0.228 L-h~’-kg~*; apparent volume of distribution, 
0.738 + 0.446 L/kg; and elimination half-life, 1.02 + 
0.51 h. These values are similar to those reported 
previously in healthy volunteers. We conclude that 
intravenous nifedipine can be used safely to control 
hypertension after coronary revascularization but 
were unable to demonstrate an advantage of ni- 
fedipine compared with SNP in preventing postoper- 
ative ischemia or infarction in this group of patients 
who had good left ventricular function. 

(Anesth Analg 1992;74:809-17) 


important benefits compared with SNP in the treat- 
ment of hypertension after CABG. 

The present study was designed to test the hypoth- 
esis that the incidence of myocardial ischemia and 
infarction can be reduced by using nifedipine instead of 


_ SNP to control hypertension after CABG. A nifedipine 


infusion regimen was designed whereby mean arterial 
blood pressure (MAP) could be maintained near 
80 mm Hg. Patients who became hypertensive after 
CABG were randomly assigned to SNP or nifedipine 
and their heart rate and MAP were maintained at 
similar levels. Holter monitoring, 12-lead electrocardio- 
gram (ECG), and creatine kinase measurements were 
used to determine whether nifedipine could reduce the 
incidence of ischemia by a favorable effect on the 
coronary vessels.or myocardium. 


Methods 


After approval of the experimental protocol by the 
Hospital Research Ethics Committee, patients admit- 
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ted for elective CABG were recruited and written, 
informed consent was obtained. Patients were ex- 
cluded if they had previous CABG, poor left ventric- 
ular function (ejection fraction <0.40 or abnormal 
contraction of >50% of the left ventricle in the right 
anterior oblique projection), myocardial infarction 
within the previous 3 mo, poorly controlled hyper- 
tension (blood pressure >140/90), diabetes mellitus, 
transient ischemic attacks, renal or hepatic disease, or 
age >70 yr. | 

After CABG, patients were excluded before ran- 
domization if they were receiving inotropic support 
or if their cardiac index was <2.2 L-min™!-m~2, with a 
pulmonary capillary wedge pressure of 225 mm Hg, or 
if they were bleeding excessively during the first post- 
operative hour. Hypertension was defined as a mean 
radial arterial pressure =100 mm Hg that was sustained 
10 min despite adequate analgesia and sedation with 
morphine and diazepam. 

Random assignment to SNP or nifedipine treat- 
ment was done only after the patient fulfilled criteria 
for entry into the hypertension treatment group, as 
previously described. Nifedipine was administered 
according to a set infusion protocol (described later), 
and it was therefore not possible to hide the identity 
of the treatment. 

The treatment goal was to rapidly reduce mean 
radial arterial pressure to 80 mm Hg and maintain it 
<90 mm Hg, If MAP increased to >90 mm Hg despite 
maximal infusion rate of the treatment drug, then the 
other hypotensive agent (nifedipine or SNP) was 
added. Lactated Ringer’s solution was infused as 
needed to maintain pulmonary capillary wedge pres- 
sure or central venous pressure constant. If heart rate 
increased to >110 beats/min, propranolol was admin- 
istered intravenously. Preventing tachycardia was 
necessary for good clinical practice and removed 
heart rate as a confounding variable in the analysis of 
myocardial ischemia. Pacing was not used. 

The initial nifedipine infusion regimen was designed 
to achieve a steady-state plasma concentration (C,,) of 
60 ng/mL. This concentration was insufficient to main- 
tain MAP <90 mm Hg in 7 of the first 11 patients. A 
new protocol was then designed to increase plasma 
level in a stepwise fashion, as needed to control MAP, 
to a maximal predicted C,, of 150 ng/mL (Figure 1). 
Nifedipine for infusion was supplied by Miles Labora- 
tories, Inc. in a concentration of 0.1 mg/mL in tinted 
bottles. The drug was administered in a central vein 
through polyethylene tubing wrapped in aluminum foil 
to avoid exposure of this photosensitive compound to 
light. If MAP increased to =90 mm Hg during the 
maximal maintenance infusion rate, SNP would be 
added as needed to maintain MAP at 80 mm Hg. 
Sodium nitroprusside was prepared as a solution of 
200 pg/mL in 5% dextrose in water. If increasing the 
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Figure 1. Nifedipine was infused rapidly for 5, 10, or 15 min (Q,) 
as needed to control mean arterial blood pressure (MAP). Mainte- 
nance infusions (Q2, Q, or Q,) were designed to maintain the 
steady-state concentration (Css) (based on duration of Q,) needed 
for blood pressure control. Patients whose MAP increased to 
>90 mm Hg while on maintenance infusion could receive a further 
rapid infusion until the maximal dose had been administered. 
SNP, sodium nitroprusside. 


infusion rate to 8 yg-kg~'-min™’ was insufficient to 
keep MAP <90 mm Hg, the nifedipine infusion was 
added as previously described. 

Lead II and a bipolar V, were recorded on a Del 
Mar Avionics Holter monitor connected to the patient 
30 min before entering the operating room. Printouts 
were analyzed by two of the authors, and disagree- 
ments were resolved by a third. 

The recording obtained before hypertension treat- 
ment began was used as the baseline. The ST seg- 
ments were measured at 80 ms from the J point. 
There is controversy concerning the interpretation of 
ST-segment changes in the perioperative period. The 
data from all patients who exhibited changes from 
baseline of >0.05 mV, persisting for >1 min, are 
considered individually in the results. In patients 
who required the addition of the alternative drug to 
control hypertension, ECG data analysis was termi- 
nated when the second drug was added. 

Twelve-lead ECGs were collected preoperatively 
and then at 2 and 24 h postoperatively. Creatine 
kinase (CK) MB fraction was measured at 2 and 24h 
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postoperatively. The ECG and enzyme data were 
used to diagnose perioperative myocardial infarction 
(MI) by a cardiologist who was unaware of the 
hypotensive drug used. 

The analytic procedure used is a modification of 
the method of Jakobsen et al. (5). The analysis was 
performed with nitrendipine as the internal standard 
on a gas chromatograph equipped with an electron 
capture detector. The concentration of nifedipine in 
the sample was assayed in duplicate and determined 
from a calibration curve constructed daily. For inter- 
day precision, the coefficient of variation was 10.6% 
at a concentration of 5 ng/mL and decreased to 3.2% 
at 100 ng/mL. 

Hemodynamic measurements and arterial blood 
for nifedipine assay were taken at baseline (immedi- 
ately before treatment began) and at 5, 10, 15, 20, 30, 
45, 60, 90, and 120 min thereafter. Measurements 
were also made at termination of the infusions and at 
30, 60, and 120 min afterward. 

In this study, two groups are presented: patients 
initially treated with nifedipine or SNP. Four patients 
receiving nifedipine and four receiving SNP required 
the addition of the alternative drug to maintain MAP 
<90 mm Hg. These patients are included in the data 
only until the alternative drug infusion was begun. In 
this way, both “responders” and “nonresponders” 
are included so long as only one agent is adminis- 
tered. The same data were used for the analysis of 
variance (ANOVA). Hemodynamic variables during 
drug infusion were compared with repeated mea- 
sures ANOVA. Values during treatment were com- 
pared with baseline values using Dunnett's t-test. 
Baseline values were compared between groups with 
use of unpaired f-tests. Categorical variables were 
compared by the x? or Fisher’s exact test, as appro- 
priate. A P value <0.05 was considered significant. 

The total systemic clearance (Cl,) was calculated as 
the ratio of the final infusion rate to C,, measured in 
plasma. The C,, was determined from the last three 
plasma samples during infusion, which varied from 
each other by 5.9% on average. The elimination 
half-life was calculated from the slope of the semilog- 
linear least-squares regression equation, fitted to the 
terminal data points (concentrations at discontinua- 
tion and after stopping the infusion) (6). An apparent 
volume of distribution (V,) was calculated by Cl,/z, 
where 7 is the terminal disposition rate constant. 


Results 


Of 134 patients who were enrolled in this study, 17 
became unstable (see Methods) before arriving in the 
recovery room or bled excessively in the first postop- 
erative hour (Figure 2). Sixty-three of the remaining 
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patients became hypertensive (MAP = 100 mm Hg), 
and 60 were randomized to treatment with either 
nifedipine or SNP. Three were not randomized be- 
cause of logistic problems. The patients in the two 
hypertension treatment groups were similar (Table 
1). Among 28 patients randomized to initial treatment 
with SNP, four required the addition of nifedipine to 
maintain MAP <90 mm Hg (Figure 2). Four of 21 
patients in the nifedipine group required the addition 
of SNP. Pretreatment blood pressures were similar 
among patients responding and those not respond- 
ing adequately to one drug. The success rate for 
nifedipine as the sole treatment for hypertension was 
81% compared with 86% tor SNP. The 95% confi- 
dence interval for the 5% observed difference in 
success ranged from a 21% higher success rate with 
nifedipine to a 30% higher success rate with SNP. 

Figure 3 compares control of MAP observed with 
the two treatments. The two groups were very similar 
immediately before treatment began: 113 mm Hg + 
10 for nifedipine and 112 mm Hg + 10 for SNP 
(MAP + sp) (see Table 2, time = Q). During treat- 
ment, MAP was significantly lower in the nifedipine 
group (P = 0.01, ANOVA). During treatment, mean 
heart rate (Figure 4) did not differ between the two 
groups (P = 0.28, ANOVA), with average heart rate 
increasing from 75 to 94 beats/min over time. In 
compliance with the experimental protocol, propran- 
olol was administered to maintain heart rate <110 
beats/min: three patients required a total of 4 mg in 
the nifedipine group compared with one patient who 
received 2 mg in the SNP group. No patient in either 
group required the use of a vasopressor for hypoten- 
sion. One patient in the SNP group required ino- 
tropes and an intraaortic balloon pump for hypoten- 
sion associated with ST-segment elevation several 
hours after the study period and subsequently was 
determined to have had a postoperative MI (see 
later). 

Of the 21 patients receiving nifedipine, six stopped 
at a maintenance infusion of 0.67 wg-kg~*-min™', and 
the remaining 15 required the maximal dose level of 
1.0 pg-kg~*-min~*. However, both groups demon- 
strated comparable C,,, which is explained by a 
higher clearance in the latter group (0.581 + 0.234 
versus 0.358 + 0.090 L-h”*-kg~*). The mean plasma 
nifedipine concentration at steady state for all 21 
patients receiving nifedipine was 119 + 42.5 ng/mL 
(mean value + sp). This level was reached within 
5-10 min. The calculated pharmacokinetic variables 
(mean values + sp) were systemic clearance (Cl), 
0.525 + 0.228 L-h7'-kg~’; apparent volume of distri- 
bution (V,), 0.738 + 0.446 L/kg; and elimination 
half-life, 1.02 + 0.51 h. 

In the 17 patients whose hypertension was con- 
trolled with nifedipine alone, the mean plasma con- 
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Figure 2. Of 134 patients recruited for this study, 63 became hypertensive postoperatively (post-op), and 60 were randomized to nifedipine 
(NIF) or sodium nitroprusside (SNP) treatment. The maximal dose of nifedipine was increased after 7 of 11 patients treated with the initial 
regimen required the addition of SNP to maintain mean arterial blood pressure (MAP) <90 mm Hg. Data from these 11 patients are not 


included in the analysis. CABG, coronary artery bypass surgery. 


centration observed at steady state was 114.6 + 
37.7 ng/mL (mean value + sp), which was not signif- 
icantly different from the C,, of 137.8 + 62.1 ng/mL 
observed in the four patients who required the addi- 
tion of SNP. The calculated pharmacokinetic varia- 
bles were also similar in these two groups. Inade- 
quate control of blood pressure cannot be attributed 
to differences in drug disposition. 

Using the decrease in MAP between the pretreat- 
ment value and the value recorded at C,, as a mea- 
sure of the drug effect, no significant correlation 
between the decrease in MAP and C., (r = —0.05) 
was observed. There was a significant correlation, 
however, between the decrease in MAP and the 
pretreatment MAP value (r = 0.89), as illustrated in 
Figure 5. This relation held true when the decrease in 
MAP was expressed as a percentage of the pretreat- 
ment MAP value. This indicates that although all 
patients reached similar plasma levels of nifedipine 
those with higher initial pressures had a greater 
response. 

Of the 21 patients who received nifedipine, 20 
Holter monitor recordings were analyzed. One re- 
cording was not included because of left bundle 


branch block. Of the 28 patients in the SNP group, 
four Holter monitor recordings were not analyzed 
because of left bundle branch block or because they 
were technically inadequate. 

During the first 2 h of treatment, only three pa- 
tients in the nifedipine group and five in the SNP 
group had ST-segment changes >0.05 mV from base- 
line (immediately before infusion). The results are 
presented in Table 3. Only patients 79 and 37 showed 
strong evidence of worsening ischemia. 

The incidence of worsened ischemia by ST- 
segment criteria was 5% (1 of 20) in the nifedipine 
group and 4% (1 of 24) in the SNP group. The 95% 
confidence interval for this 1% observed difference in 
incidence ranged from an 18% higher incidence with 
nifedipine to a 16% higher incidence with SNP. 

Two patients in the nifedipine group had evidence 
of perioperative MI (7,8); patient 102 developed a 
new Q wave anteriorly, with a CK MB fraction rise to 
63 U/L (7.6%), and patient 79 manifested persistent 
postoperative ST-segment elevation anteriorly, with a 
CK MB fraction rise to 91 U/L (8.8%). In the SNP 
group, three patients had evidence of perioperative 
MI, none of whom showed suggestive ST-segment 
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Table 1. Comparison of Nifedipine (NIF) and Sodium 


Nitroprusside (SNP) Treatment Groups 


Clinical characteristics NIF (n = 21) SNP (n = 28) 
Age (yr) 57 + 9.8" 56 £ 8.5° 
Female gender 3 (14.3%) 4 (14.3%) 
Weight (kg) 78 + 12.2 82 + 13.4° 
History of 9 (42.9%) 15 (53.6%) 
hypertension 
Previous MI 10 (47.6%) 11 (39.9%) 
CCS angina class 
1 1 (4.8%) 4 (14.3%) 
2 12 (57.1%) 12 (42.9%) 
3 8 (38.1%) 11 (39.3%) 
4 0 (0%) 1 (3.6%) 
Antianginal therapy 
BB 4 (19%) 6 (21.4%) 
CEB 9 (42.9%) 10 (35.7%) 
CEB + BB 6 (28.6%) 9 (32.1%) 
None 2 (9.5%) 3 (10.7%) 
Diseased vessels 
1 1 (4.8%) 3 (10.7%) 
2 4 (19.0%) 8 (28.6%) 
3 16 (76.2%) 16 (57.1%) 
LMCA 0 (0%) 6 (21.4%)? 
Cross-clamp time 40 t 12" 40 + 13.4% 
(min) 
No. of grafts 
1 0 (0%) 1 (3.6%) 
2 3 (14.3%) 5 (17.9%) 
3 10 (47.6%) 15 (53.6%) 
4 8 (38.1%) 7 (25%) 
LIMA to LAD 18 (85.7%) 20 (71.4%) 


BB, -adrenergic blocker; CCS, Canadian Cardiovascular Society; CEB, 
calcium entry blocker; Cross-clamp time, aortic damp time (cardiac anoxia); 
LIMA to LAD, left internal mammary artery graft to left anterior descending 
artery; LMCA, patients with left main coronary artery stenosis with or 
without other diseased vessels; MI, myocardial infarction. 

“Mean values + sp. 

b P < 0.05; Fisher's exact test. No other significant differences were found 
between the treatment groups. 


changes during drug infusion. All three patients had 


new Q waves inferiorly: one had a CK MB fraction ~ 


rise to 46.4 U/L (8.6%), one had no rise documented, 
and one had no values available. 

The incidence of perioperative MI was therefore 
9.5% and 10.7% in the nifedipine and SNP groups, 
respectively. The 95% confidence interval ranged 
from a 20% higher incidence of infarct with nifedipine 
to a 22.4% higher incidence with SNP. 


Discussion 


This randomized, parallel, open-label study com- 
pared the use of intravenous nifedipine with SNP to 
control MAP in patients who became hypertensive 
after CABG. A nifedipine dosage regimen was de- 
signed that rapidly controlled hypertension and com- 
pared favorably to the control of MAP achieved with 
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Figure 3. The average mean arterial blood pressure (MAP, in mm 
Hg) decreased to <90 mm Hg within 5 min in the nifedipine group 
and remained significantly lower than in the SNP group during the 
infusion (P < 0.05; ANOVA). Data are mean + sem. Solid line, 
nifedipine; dashed line, nitroprusside. 


SNP. The pharmacokinetic variables of nifedipine in 
these patients were similar to those described in 
healthy volunteers (9,10). Only one patient in each 
group showed ST-segment changes highly sugges- 
tive of worsening ischemia during treatment. There 
was a similar number of perioperative MIs in the two 
groups. 

The success rate for control of hypertension was 
similar for both drugs. Nifedipine was effective in 
most patients in reducing blood pressure to near 
target values within 5 min. Nifedipine may be safer 
than SNP because with a given dose, the decrease in 
MAP is usually proportional to the initial pressure 
level so that those patients with a lower pressure 
have a lesser response (11-13). This was confirmed in 
the present study (Figure 5). Although no patient in 
the present study required treatment for hypoten- 
sion, severe hypotension after sublingual administra- 
tion of 10 mg of nifedipine has been reported (14). 
Intravenous administration allowing titration of the 
dose may avoid such complications. 

Like SNP-induced decreases in MAP, nifedipine- 
induced decreases in MAP are associated with reflex 
increases in heart rate that are proportional to the rate 
of decrease in MAP (10,15,16). Four patients (three in 
the nifedipine group and one in the SNP group) 
required small doses of propranolol to prevent heart 
rate from increasing to >110 beats/min. The low 
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Table 2. Hemodynamic Variables for Nifedipine (NIF) Versus Sodium Nitroprusside (SNP) in 49 Patients With 
Hypertension ‘After Coronary Revascularization 


MAP SBP DBP HR PCWP CI SVR 
Tos a= a a ee Oe ee) ee, C a ee 
(min) NIF SNP NEF SNP NF SNP NF SNP NEF SNP NIF SNP NIF SNP NIF SNP 
0 21 28 113 112 152 144 89 89 82 75 12 11 2.3 2.0 2123 2253 
+10 +10 £20 +18 +8 +10 +21 +12 +4 +3 +0.9 +0.4 +697 +719 
5 20 28 88 94 116 126 71 80 81 85 12 10 2.3 2.1 1490 1818 
27 +18 +13 3222 7 +13 +17 +15 +4 +3 +0.6 +0.5 +388 +676 
10 21 28 85 93 111 126 69 77 8i 85 P 11 2.4 2.3 1393 1632 
+7 +16 +14 +20 +5 +12 +16 +14 +4 t4 +0.7 +0.5 +370 +509 
15 21 28 83 92 111 124 68 77 81 85 12 10 2.4 2.3 1441 1598 
+5- +14 =$j+13 +19 +6 212 +16. +12 +4 +4 +0.8 +0.6 +499 +484 
20 18 28 85 92 115 125 70 75 83 88 12 -10 2.5 2.5 1383 1492 
+6 +15 +16 +233 +7 £12 +18 +13 +4 +4 +0.8 +06 +413 +463 
30 20 27 86 91 H5 123 69 74 86 91 11 10 25 23 1418 1566 
+5 +16 +14 +25 +6 +13 +20 £14 t4 t4 +0.7 +0.5 +399 +474 
45 16 24 85 89 116 123 70 73 91 90 11 10 2.7 2.3 1315 1563 
7 +9 +19 +24 +8 +8 +22 +16 +4 +4 +1.1 +0.5 +469 +459 
60 19 23 83 87 112 117 67 90 91 12 10 2.6 2.4 1362 1526 
+10 +9 +19 +17 +9 +9 a7: “15 +4 +3 +0.9 +0.6 +480 +513 
90 18 21 79 84 106 118 65 70 89 92 12 10 2.6 2.4 1276 1451 
+8 tTI +13 +20 +9 £9 +17 +14 +4 +3 +0.8 +0.7 +437 +480 
120 13 17 81 86 106 118 65 70 89 94 13 12 2.8 2.6 1216 1420 
+6 +8 +1] +20 +6 +9 +19 +13 t4 +4 +0.9 +0.8 +422 +601 


MAP, mean arterial blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; PCWP, pulmonary capillary wedge 
pressure; CI, cardiac index; SVR, systemic vascular resistance. 

Values are méan values + 1 sp. 

Mean arterial blood pressure, SBP, and DBP all were lower in nifedipine group than SNP group during treatment (5-120 min; P < 0.05; ANOVA). Mean arterial 
blood pressure, SBP, DBP, and SVR all decreased with both treatments (time = 0 vs. 5-120 min; P < 0.05; Dunnett's t-test). Heart rate and Cl were higher at! = 
0 in nifedipine group patients (P < 0.01; t-test). Heart rate in SNP patients increased with treatment (time = 0 vs. 5-120 min; P < 0.05; Dunnett’s t-test). 


incidence of large increases in heart rate in the 
present study may be due in part to the antianginal 
medications the patients were receiving and to in- 
creased vagal tone caused by residual narcotic. Davis 
et al. (17) observed a similar lack of heart rate re- 
sponse to nifedipine infusion in patients who became 
hypertensive after CABG in whom a fentanyl-based 
anesthetic was used. Propranolol was used to pre- i20 
vent heart rate from increasing to >110 beats/min 
because good patient management requires the pre- 1g 
vention of excessive tachycardia in patients at risk for 
myocardial ischemia. Itis probable that heart rate will 
be controlled in this way if intravenous nifedipine is 
used in clinical practice. If heart rate were signifi- 
cantly higher in one group, one would expect a 
higher incidence of myocardial ischemia. Matching 
heart rate and MAP allowed us to determine whether 
nifedipine, compared with SNP, could benefit the 
patient by a more favorable effect on coronary tone. 
The pharmacokinetic profile of nifedipine ob- 0 
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served in the present study is similar to that reported 
in healthy volunteers (9). Nifedipine is cleared by 
hepatic biotransformation, and only a trace amount is 
excreted unchanged in urine (16). Our patients had 
good left ventricular function; these results may not 
apply in a population with low postoperative cardiac 


’ TIME (min) 
Figure 4. Immediately before antihypertensive treatment began, 
heart rate (HR, in beats/min) was significantly higher in the 
nifedipine group (P < 0.01; t-test). Heart rate increased with SNP 
infusion so that there was no difference in heart rate between 
groups during drug infusion (P = 0.28; ANOVA). Data are mean + 
SEM. Solid line, nifedipine; dashed line, nitroprusside. 
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Figure 5. The decrease in mean arterial blood ~ 3 
pressure (MAP, in mm Hg) between the pretreat- $ 
ment value and the value at steady-state ni- T 
fedipine plasma concentration is plotted against 
the pretreatment MAP. Patients with higher pre- 
treatment MAP had a greater decrease in MAP 
although steady-state plasma concentrations were 
similar. n = 17. 20 
15 A MAP = —88.7 + 1.00 MAR, 
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Table 3. ST-Segment Changes =0.05 mV in Eight Study Patients During Drug Infusion 


Nifedipine Sodium nitroprusside 
Pt 79 Pt 61 Pt 102 Pt 37 Pt7 Pt 16 Pt 72 Pt 80 
Time (min) at MV, i MV, Il MV; I MV, U MV, I MV, I MV; iif MV. 
Preinduction 0 0 0 0 0 0 0 0 0 0.05 0.10 0.10 0 0 0 0 
0 0 0.10 -0.10 0 0.10 O15 -0.25 -0.20 0 0.05 0.10 0.05 0.05 0.065 -0.05 0 
5 0 0.10 -0.05 0 0.05 0.10 -0.20 -0.30 0 0 0.05 0.05 0.05 0.05 -0.05 0 
10 0 0.10 -0.05 0 0.10 0.10 -050 -0.45 0 0 0.10 0 0 0.10 0 0.05 
15 0 0.10 0 0 0.05 0.10 -0.45 -0.40 0 0 0 0 0 0.10 0 0 
20 0 0.10 0 0 010 0.10 —0.40 -040 0 0.05 0 0 0 0.05 0 0 
30 0 0.10 0 0 0.10 0.10 0 0.05 O 0 -0.05 0 0 0.10 
45 —0.10 0.20 0 0 0.0 0.10 0 0.05 0 0 0 0.05 -0.05 0 
60 . —0.15 0.20 0 0 0.10 0.10 O 0.10 0.10 0.10 0 0 0 0 
' 90 0 0.10 0 0 0.10 0.10 0 0.10 0 0 -0.05 0 
120 —0.05 0.10 0.05 0 0.05 0.05 0 0.05 0 0 —0.05 0 


Preinduction, immediately preceding induction of anesthesia; Pt = patient; 0 min, immediately preceding drug infusion. 


output where hepatic blood flow is diminished. The 
plasma concentration needed to control MAP was 
remarkably consistent. The stepwise dosage regimen 
allowed a reduction in the dose given to patients with 
lower clearance rates. 

Much of the interest in using calcium entry block- 


ers to treat acute hypertension in patients with coro- 
nary artery disease is predicated on the hope that 
these antianginal agents will have a more favorable 
effect on myocardial blood flow than SNP. Although 
nifedipine typically increases blood flow to myocar- 
dium served by stenotic coronary arteries (16), it-does 
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cause coronary arteriolar dilation (18) and, like SNP 
(2,19,20), is theoretically capable of causing coronary 
steal, although this has not been demonstrated in 
humans (21-24). 

In the present study, ECG changes occurring with 
the initiation of treatment could be related to the 
control of MAP; however, differences between the 
groups during treatment might be ascribed to direct 
coronary effects of the study drugs, because hemo- 
dynamic measures were then similar in the two 
groups. Only one patient in each group had ST- 
segment recordings that indicated a change in myo- 
cardial ischemia during treatment. Interpretation of 
these data is difficult because the ST-levels fluctuate, 
and there is controversy concerning what magnitude 
of change is significant (25). Each patient showing 
changes >0.05 mV during treatment has been con- 
sidered individually in the results. The incidence of 
ST-segment changes is low in the present study 
compared with other studies of the postoperative 
period (11,26). One possible explanation for ‘this 
might be that the observations were confined to a 2-h 
treatment period. The hypothesis that using ni- 
fedipine to treat hypertension after CABG reduces 
the incidence of ST-segment evidence of myocardial 
ischemia compared with the use of SNP is not sup- 
ported by our data. With 20 and 24 patients (with 
Holter monitor data) per group, the 95% confidence 
interval limit includes a 16% lower incidence with 
nifedipine. Thus, of the patients studied, at best only 
a small proportion of them may benefit. It is possible 
patients at higher risk (reoperation, unstable angina, 
severe distal coronary disease) may be more likely to 
benefit. 

Of the five patients with evidence of perioperative 
MI, only two showed ST-segment abnormalities dur- 
ing the drug treatment period. The lack of correlation 
of postoperative ECG abnormality and MI is due in 
part to the short treatment period but also agrees 
with the observations of others (26,27). The incidence 
of perioperative MI was nearly identical in the two 
groups (10% nifedipine, 11% SNP). 

Seitelberger et al. (3) administered either ni- 
fedipine or nitroglycerin intravenously to patients 
undergoing CABG for 24 h starting 2 h after aortic 
cross-clamping. One of 22 patients receiving ni- 
fedipine and 4 of 23 patients receiving nitroglycerin 
had MI (P = 0.35; Fishers’ exact test) (28). There was 
also no significant difference in the incidence of 
ischemia between the two groups. Patients who 
became hypertensive were treated with increased 
doses of the study drug. In a later study (4) of similar 
design, Seitelberger et al. diagnosed MI in 2 of 53 
patients treated with nifedipine versus 6 of 50 treated 
with nitroglycerin, showing a trend toward reduced 
MI in the nifedipine group (P = 0.15). The incidence 
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of transient ischemia was significantly lower in the 
nifedipine group (6% versus 18%). These data are not 
directly comparable to the present study because the 
control group in the Seitelberger et al. study received 
nitroglycerin, hypertensive and normotensive pa- 
tients were included, and nifedipine was adminis- 
tered (in the latter study) before aortic cross-clamp, 
making mechanisms such as improved myocardial 
preservation and prevention of reperfusion injury 
possible. 

We conclude that the use of nifedipine to treat 
patients with good left ventricular function who 
become hypertensive after elective CABG is unlikely 
to have important clinical advantages in the preven- 
tion of postoperative myocardial ischemia and infarc- 
tion compared with SNP. 


The authors thank Joanne Sweet, BScN, Denise Wozny, Mary 
O’Shaughnessy, and Geri Wells for their expert assistance. 
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Patients with reflex sympathetic dystrophy, who re- 
ceived transient pain relief from stellate ganglion 
blocks or lumbar sympathetic blocks and had abnor- 
mal isolated cold stress tests, were enrolled in a study 
to determine the efficacy of intravenous regional 
bretylium. Each patient received two control treat- 
ments (0.5% lidocaine) and two treatments with 0.5% 
lidocaine and bretylium 1.5 mg/kg in a randomized, 
double-blind fashion. A standard intravenous re- 
gional technique was used with a 300-mm Hg tour- 
niquet pressure for 20 min. Patients kept a daily 
record of pain relief (0 = no relief, 100% = complete 
relief). A decrease in pain of more than 30% was 
considered clinically significant. Therefore, once the 
patient’s pain relief was less than 30%, the next 


tion that can be perplexing to diagnose and 

treat (1). The most reliable treatment, how- 
ever, is interruption of sympathetic activity to the 
affected limb (2-4). This is usually accomplished by 
blocking the appropriate sympathetic ganglia with 
local anesthetic. Alternatively, sympathetic blocking 
agents can be administered by an intravenous re- 
gional (IVR) technique. 

Intravenous regional sympathetic block, adminis- 
tered in much the same way as the Bier block tech- 
nique for surgical anesthesia (5,6), was pioneered in 
the 1970s. Hannington-Kiff (7) used guanethidine 
and Gorsky (8) used reserpine to interrupt sympa- 
thetic activity. However, neither guanethidine nor 
reserpine is available for intravenous use in the 
United States. 


R sympathetic dystrophy (RSD) is a condi- 
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intravenous regional treatment was performed. 
Bretylium and lidocaine provided more than 30% 
pain relief for a mean of 20.0 (+ 17.5) days, whereas 
lidocaine alone provided relief for only 2.7 (+ 3.7) 
days (Mann-Whitney U-test, P < 0.001). A mean 
temperature increase in the treated limb of +2.64 + 
3.41°C above the baseline temperature was noted 
after bretylium administration, whereas after control 
treatments the change was —0.086 + 1.30°C (Mann- 
Whitney U-test, P < 0.02). We conclude that the 
combination of bretylium and lidocaine is signifi- 
cantly more effective than lidocaine alone when an 
intravenous block is used to treat reflex sympathetic 
dystrophy. 

(Anesth Analg 1992;74:818-21) 


The use of IVR bretylium for the treatment of RSD 
was described by Ford et al. (9). Compared with the 
dose of 5-10 mg/kg used for the treatment of ventric- 
ular arrhythmias (10), they used only 1 mg/kg. Side 
effects were minimal, and the patients obtained pain 
relief and subjective warmth in the extremity for 7-21 
days after the first treatment. Pain relief lasted from 
25 days to 7 mo with subsequent treatment. 

Despite these encouraging results, the efficacy of 
IVR bretylium for the treatment of RSD has not yet 
been established in a randomized, double-blind 
study. The purpose of this study was to establish 
whether the previous treatment success by Ford et al. 
(9) was due to placebo effects or to the bretylium or 
the local anesthetic used in the IVR technique. 


Methods 


After approval by the Human Investigations Commit- 
tee of Emory University had been obtained, 12 pa- 
tients with a history of RSD and a type II or type H 
response on isolated cold stress testing (11) were 
enrolled in the study. All patients had a history of 
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dramatic, temporary pain relief from stellate ganglion 
or lumbar sympathetic blocks. Patients were ex- 
cluded from the study if they had used tricyclic 
antidepressants, phenothiazines, sympathomimetic 
or sympatholytic agents, digitalis, or monoamine 
oxidase inhibitors during the 2-wk period before the 
study. Also, patients who had undergone previous 
surgical sympathectomy or had undergone sympa- 
thetic blockade within the 2-wk period before starting 
the study were excluded. Patients with psychiatric 
disorders, unstable angina, recent (within 6 mo) 
myocardial infarction, second- or third-degree heart 
block, malignant ventricular arrhythmias, renal fail- 
ure, hypotension, heart failure, pheochromocytoma, 
or allergies to lidocaine or bretylium were also ex- 
cluded. A urine pregnancy test in women of child- 
bearing potential was required. 

Written informed consent was obtained from pa- 
tients who met the criteria for the study. Skin tem- 
peratures were recorded with a skin thermometer 
that was taped to the affected limb after it had been 
equilibrated with room temperature. The electrocar- 
diogram was continuously monitored. A plastic in- 
travenous catheter was inserted into a peripheral vein 
of the limb being treated. After exsanguination of the 
extremity with an Esmarch bandage, the tourniquet 
was inflated to a pressure of 300 mm Hg, and the 
appropriate solution (see below) was administered 
intravenously. A standard tourniquet pressure was 
chosen to avoid having variability of pressure over 
peripheral nerves in the arm as a confounding vari- 
able. The tourniquet remained inflated for 20 min, 
which was believed to be the minimum time required 
to prevent systemic lidocaine toxicity. The patient 
remained recumbent for an additional 60 min after 
the cuff was deflated. Vital signs and skin tempera- 
ture were monitored immediately before injection, 
then every 5 min for 30 min and every 15 min for 
30 min after tourniquet deflation. Pain evaluations 
were made immediately before injection and at 
60 min after injection. The patients were discharged 
when ambulatory. Quantification of pain relief was 
based on daily records kept by the patients of their 
pain rating, which they estimated on a visual ana- 
logue pain relief scale (0 = no relief, 100% = complete 
relief). A decrease in pain more than 30% was con- 
sidered clinically significant. Therefore, after each 
IVR injection, the time (days) to the return of pain 
more than 70% of the maximum (less than 30% pain 
relief) was recorded. At this point, the next IVR 
treatment was performed. 

Each patient received two control treatments (local 
anesthetic only) and two treatments with bretylium 
and lidocaine in a “complete block” design. The 
order of treatments was randomly assigned, using a 
random number table. During control treatments, 
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40 mL of 0.5% lidocaine was injected into the upper 
extremity or 60 mL of 0.5% lidocaine was injected into 
the lower extremity after inflation of the tourniquet. 
The lidocaine solution was prepared by diluting 
preservative-free 1% lidocaine with normal saline. 
During the treatments in which patients received 
bretylium plus local anesthetic, the treatment was 
exactly the same as that for the control group except 
1.5 mg/kg of bretylium was added to the 1% lidocaine 
and normal saline was added to give a final lidocaine 
concentration of 0.5%. The solutions therefore had an 
identical volume, and the investigator and patients 
were blind to the identity of the solution adminis- 
tered at each treatment. 


Results 


seven of 12 subjects completed the study. One pa- 
tient dropped out after obtaining complete relief 
following the first treatment with bretylium. She 
remains pain-free 2 yr after her treatment. Three 
patients refused to continue the study after the first 
lidocaine control treatment, as they had no pain 
relief. However, one of these patients had already 
received a bretylium treatment, and is included in the 
analysis. A fifth subject had to be terminated from the 
study before her last treatment because atenolol was 
prescribed for mitral valve prolapse by her internist. 
This subject’s results from the previous treatments 
are also included in the analysis. One subject who 
completed the study refused to submit her pain diary 
pending the outcome of a compensation hearing, but 
her skin temperature response is included. 

There were no dysrhythmias noted after tourni- 
quet release and there were no episodes of hypoten- 
sion (decrease of >25% from control) while in the 
semirecumbent position. One patient had sympto- 
matic orthostatic hypotension (systolic blood pres- 
sure = 70 mm Hg) on standing after the 60-min 
observation period. His blood pressure returned to 
normal after intravenous administration of 500 mL of 
lactated Ringer’s solution. One patient exhibited a 
significant decrease (>25% from control) in heart rate 
on two occasions. This was believed to be due to 
resolution of the anxiety caused by anticipation of the 
block, as the patient’s control heart rate was =100 
beats/min on both occasions. 

The IVR bretylium and lidocaine provided a mean 
of 20.0 (+17.5) days with more than 30% pain relief 
(range 3-69 days), whereas the corresponding result 
after administration of IVR lidocaine was only 2.7 + 
3.7 days (Figure 1) (range 0-12 days). This difference 
was significant when analyzed by the Mann-Whitney 
U-test, with a confidence level of P < 0.001. For those 
patients who received two IVR bretylium blocks, 
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Figure 1. Correlation of days of pain relief (duration) with drugs 
used for intravenous regional blockade. Control = lidocaine alone, 
bretylium = lidocaine plus bretylium. 


there was no difference in duration of pain relief after 
the first and second treatments (19.7 vs 20.3 days). 

Skin temperature of the affected limb was mea- 
sured during the 60 min after the administration of 
bretylium and lidocaine or lidocaine control. A mean 
temperature increase of +2.64 + 3.41°C above the 
baseline was noted after the use of bretylium (range 
—1.3 to 8.4°C), whereas the corresponding value after 
the lidocaine control was —0.086 + 1.303°C (range 
—2.2 to 2.3°C). The increase in temperature following 
IVR bretylium is statistically significant (P < 0.02) 
using the Mann-Whitney U-test. 


Discussion 


Intravenous regional sympathetic blockade with 
guanethidine or reserpine is an accepted treatment 
for RSD. Guanethidine selectively inhibits peripheral 
sympathetic nerve transmission by displacing nor- 
epinephrine from storage granules at the sympathetic 
nerve endings and by preventing further release of 
the norepinephrine in response to neuron stimula- 
tion (12). 

Owing to its similarities in chemical structure to 
guanethidine, it is not surprising that bretylium has 
been used successfully for the treatment of RSD. 
Bretylium, like guanethidine, inhibits the release of 
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norepinephrine from adrenergic nerve endings (13). 
It was originally used in the 1950s as an antihyper- 
tensive agent. However, its use was severely limited 
by poor, unpredictable absorption after oral adminis- 
tration. More recently, it has been shown to be a 
useful antiarrhythmic agent (10). Bretylium is avail- 
able in a preservative-free intravenous solution and 
has minimal gastrointestinal and neurologic side ef- 
fects because of its quaternary structure. It accumu- 
lates in postganglionic adrenergic neurons and inhib- 
its conduction by preventing norepinephrine release. 
Bretylium in high concentrations has local anesthetic 
and neuromuscular blocking properties. Hyperten- 
sion and tachycardia are the major immediate sys- 
temic side effects of bretylium and result from the 
initial release of norepinephrine. This is followed by 
orthostatic hypotension owing to the chemical sym- 
pathetic blockade (12). 

Ford et al. (9) used the relatively small bretylium 
dose of 1 mg/kg to prevent hypotension and obtained 
satisfactory results. In addition, Ford et al. reported 
the use of 3 mg/kg without increased side effects but 
did not report clinical results. They suggested that a 
dose larger than 1 mg/kg should probably be used; 
therefore, we chose to use 1.5 mg/kg. However, this 
dose may not be optimal, and further studies are 
necessary to establish a dose-response relationship. 
The dose of 1.5 mg/kg used in the present study was 
not associated with tachycardia or dysrhythmias. 
Hypotension, which was orthostatic, occurred in one 
patient. We now routinely administer intravenously 
at least 500 mL of fluids immediately after tourniquet 
release to prevent orthostasis. 

This study demonstrates the first reported ran- 
domized, double-blind study of the efficacy of IVR 
bretylium in the treatment of RSD. Bretylium and 
lidocaine provided a mean of 20.0 days with signifi- 
cant pain relief compared with only 2.7 days after the 
administration of lidocaine alone. It is noteworthy 
that all patients who were entered into this study had 
less than 1 wk of pain relief from stellate or lumbar 
sympathetic blocks. 

Lidocaine was used as a control because of its 
ability to provide regional anesthesia of the affected 
limb, so that a double-blind situation was maintained 
and tourniquet-induced pain was reduced. As in a 
previous report (14), lidocaine produced pain relief 
for the duration of the block but failed to provide 
long-term pain relief or persistence of sympathetic 
blockade. 

The duration of the analgesic effect of bretylium in 
this study is similar to that described in case reports 
by Ford et al. (9). Reporting on four cases, they noted 
pain relief lasting from 7 to 21 days after the first 
treatment with bretylium and from 25 days to 7 mo 
with subsequent treatments. The reason for this long 
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duration of action is unclear. The half-life of systemic 
bretylium is 5-10 h (15), and the pharmacokinetics of 
bretylium at the adrenergic synapse is unknown. 
Animal studies indicate that local application of 
bretylium blocks neuronal conduction for more than 
24 h (13). 

The increase in skin temperature of the affected 
limb 60 min after bretylium and lidocaine administra- 
tion was greater than that after lidocaine alone. This 
demonstrates a significant sympatholytic effect of IVR 
bretylium. The average temperature increase with 
bretylium (2.64°C) is more than Glynn et al. (16) 
reported for guanethidine (0.9°C). However, as the 
temperature of the untreated limb was not measured, 
we cannot exclude a systemic sympatholytic effect 
from bretylium. 

Others authors have reported cases in which IVR 
bretylium produced analgesia for less than 7 h 
(17,18). The cause of their poor results is not apparent 
as neither letter describes the cases in detail. In 
particular, concurrent medications that might inter- 
fere with presynaptic uptake of bretylium (e.g., tri- 
cyclic antidepressants) are not mentioned. 

Driessen et al. (19) reported subjective warmth in 
the treated extremity for 2.6 days after IVR guanethi- 
dine and pain relief lasted a minimum of 2 days. 
Eriksen (20) noted that the skin temperature increase 
after IVR guanethidine blockade lasted approxi- 
mately 3 days compared with 10 h with a stellate 
ganglion block. The values noted in the present study 
compared very favorably with those for guanethi- 
dine. However, guanethidine is available for intrave- 
nous use in the United States only through investi- 
gational new drug protocols. Reserpine has more 
prominent side effects and is less effective than 
guanethidine (14); it is also unavailable for intrave- 
nous use. It would appear that bretylium 1.5 mg/kg is 
a safe and effective alternative to guanethidine or 
reserpine for use in IVR sympathetic blockade. 

We conclude that intravenous regional bretylium 
in combination with lidocaine blockade provides sig- 
nificant short-term pain relief when compared with 
IVR lidocaine for treatment of RSD. An assessment of 
the long-term effectiveness of bretylium is still 
needed. 


We thank Donald D. Denson, PhD, for statistical consultation. 
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Analgesic Effect of Intraarticular Bupivacaine or Morphine 
After Arthroscopic Knee Surgery: A Randomized, 
Prospective, Double-Blind Study 
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The effect of 20 mL of intraarticular bupivacaine 
(0.25%, with or without 1:200,000 epinephrine), mor- 
phine (0.08%, with or without 1:200,000 epineph- 
rine), or normal saline on postoperative analgesia 
after arthroscopic knee surgery was studied in a 
randomized, prospective, double-blind trial in ASA 
I-II outpatients receiving general anesthesia (n = 
112) or regional anesthesia (n = 27 [spinal (n = 25) or 
epidural (n = 2)]). The visual analogue pain scores in 
the postanesthesia care unit and 3, 6, 12, and 24h 
after surgery, time to first analgesic use, and total 
24-h analgesic requirements were recorded. In those 
who received general anesthesia, the visual analogue 
scores were significantly lower in the bupivacaine 
group compared with both the morphine- and 


any orthopedic surgeons inject intraarticular 

local anesthetics to provide analgesia after 

arthroscopic knee surgery (1). There are 
data that suggest peripheral opioid receptors exist 
and that opiates can provide significant analgesia 
when injected into peripheral inflamed tissue (2-5). A 
recent prospective, controlled, double-blind study 
indicated that a small dose (1 mg) of morphine 
provided prolonged analgesia when it was injected 
into the joint after arthroscopic knee surgery (6). We 
undertook a prospective, controlled, double-blind 
trial comparing the efficacy of intraarticular bupi- 
vacaine or morphine with that of placebo in provid- 
ing analgesia after arthroscopic knee surgery. 


Accepted for publication January 21, 1992. 

Address correspondence to Dr. Heard, Department of Anes- 
thesiology, University of Massachusetts Medical Center, 55 Lake 
Avenue North, Worcester, MA 01655. 


822 Anesth Analg 1992;74:822-6 


placebo-treated patients (P < 0.05). The time to first 
analgesic use was longer in both the bupivacaine and 
morphine groups when compared with the control 
group (P < 0.05). No significant differences were 
detected in total 24-h analgesic requirements among 
the groups. Patients who had received regional anes- 
thesia had lower visual analogue scores compared 
with patients who had received general anesthesia 
irrespective of the intraarticular treatment (P < 0.05). 
Our results indicate that intraarticular injection of 
bupivacaine after arthroscopic knee surgery provides 
prolonged analgesia but that there is no significant 
prolonged analgesia provided by intraarticular mor- 
phine. 

(Anesth Analg 1992;74:822-6) 


Methods 


This study was approved by the Committees for the 
Protection of Human Subjects in Research at both 
participating institutions. After informed consent had 
been obtained, ASA I, II, or III patients were random- 
ized to receive intraarticular injections of 20 mL of 
normal saline (n = 49), 0.25% bupivacaine (n = 44), or 
0.03% morphine (n = 46) at the end of knee arthros- 
copy. Epinephrine (1:200,000) was used in the bupi- 
vacaine (n = 19) and morphine (n = 17) solutions at 
University Hospital. The dose of morphine that was 
chosen was based on a study by Mays et al. that 
examined the effect of peripheral perineural mor- 
phine injections in patients with chronic pain (7). 
Patients were not taking narcotics before the study. 
Premedication consisted of 1-2 mg of midazolam. 
The choice of general or regional anesthesia was left 
to the discretion of the attending anesthesiologist; 
however, general anesthesia (n = 112) was provided 
without opioids and consisted of curare (3 mg), 
thiopental (3-5 mg/kg), succinylcholine (2 mg/kg), 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


ANESTH ANALG 
1992;74:822-6 


and isoflurane (0.5%-1.5%) and N-O (60%-70%) in 
oxygen. Three patients were given 50 ug of fentanyl 
unintentionally as a premedicant or on induction. 
Two of these patients were in the placebo group and 
the other was in the bupivacaine group. The local 
anesthetic used for subarachnoid block (n = 25) was 
lidocaine (5% in 7.5% dextrose without epinephrine), 
and that used for epidural anesthesia was lidocaine 
(2% with 1:200,000 epinephrine, n = 1) or chloropro- 
caine (3%, n = 1). One patient received local anes- 
thesia with intravenous sedation and was excluded 
from the analysis. When the patient was sufficiently 
awake and alert in the postanesthesia care unit 
(PACU), a visual analogue pain scale (VAS, scaled to 
100 mm) score was recorded. Visual analogue scale 
scores were subsequently obtained at 3, 6, 12, and 
24 h after surgery. The time of the first use of an 
analgesic and the amount of analgesic used in 24 h 
were also recorded. The type of postoperative anal- 
gesic used was left to the discretion of the attending 
anesthesiologist and surgeon. The analgesic prepara- 
tion used most frequently (n = 100) was acetami- 
nophen (300 mg) with codeine (30 mg); however, 
some patients received morphine in the PACU and 
others took a variety of other analgesics once they 
were discharged from the hospital (n = 39). For 
purposes of the analysis of total opiate consumption, 
only those patients who used acetaminophen with 
codeine were included (n = 64). 

Data are presented as mean + sE. Nominal data 
were analyzed using the x statistic. The VAS data 
were analyzed using analysis of covariance (AN- 
COVA) for repeated measures with the aid of a 
commercial statistical software package (Statistica, 
StatSoft, Tulsa, Okla.). Hospital site was used as the 
covariate to investigate the effect of the presence or 
absence of epinephrine in the test solution. All pa- 
tients from University Hospital, Boston (n = 50) 
received epinephrine-containing solutions, whereas 
all patients at University of Massachusetts Hospital, 
Worcester (n = 89) received plain solutions. Post-hoc 
comparisons were made using the Newman-Keuls 
test. The 24-h analgesic requirement was analyzed 
using one-way analysis of variance and the Newman- 
Keuls test. The time to first analgesic use was studied 
using survival analysis and the F-test with Bonferro- 
ni's correction. The null hypothesis was rejected for 
P < 0.05. 


Results 


Patient characteristics are presented in Table 1. There 
were no significant differences among groups with 
regard to age, weight, height, ASA status, or gender. 
Table 2 displays the anesthesia times and surgical 
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Table 1. Patient Characteristics 


Group 1 Group 2 Group 3 
(Placebo) (Morphine) (Bupivacaine) 
Age (yr) 35.4 # 1.7 33.2 216 38.4 + 2.1 
Weight (kg) 79 +2 80 + 2 84 + 3 
Height (cm) 17541 175 £2 176 2 
ASA status 
I 34 35 29 
I] 14 11 13 
II] 1 0 2 
Gender 
Male 32 34 35 
Female 17 12 9 


Table 2. Anesthesia Time and Surgical Procedure by 
Treatment Group 


Anesthesia time Arthroscopy 

Group (min) Arthroscopy plus other* 
Placebo 44+3 13 36 
Morphine 51+ 4 8 38 
Bupivacaine 52 +5 7 37 


“This category includes arthroscopy with meniscectomies and/or shaving 
and debridement. 


procedures among the three groups. There were no 
significant differences among groups. 

Visual analogue scale scores were not returned by 
24 patients; these patients were excluded from the 
VAS score analysis but were included in the time to 
first analgesic analysis where possible. The AN- 
COVA revealed no statistically significant correlation 
of results with hospital; therefore, the different intra- 
articular preparations of morphine and bupivacaine 
(i.e., with or without epinephrine) were combined for 
analysis. For those patients who received general 
anesthesia, the ANCOVA failed to demonstrate any 
time x treatment interaction, so VAS scores were 
analyzed for the treatment effect only. As assessed by 
the VAS scores, bupivacaine (n = 28) provided sig- 
nificant postoperative analgesia when compared with 
morphine (n = 36, P = 0.028) or placebo (n = 27, P = 
0.009) (Figure 1). There were no significant differ- 
ences in VAS scores between morphine- and placebo- 
treated patients (Figure 1). Time spent in the PACU 
or hospital length of stay after surgery was not 
different among groups (Figure 2). 

Of interest, when patients who had received a 
regional anesthetic were included in the analysis, 
they had the lowest VAS scores compared with 
individuals who received general anesthesia regard- 
less of the type of intraarticular drug used (Figure 3). 
Although patients were not randomized to receive a 
particular type of anesthetic, the two populations 
were comparable (Table 3). Patients in the regional 
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Figure 1. Visual analogue scale (VAS) scores for the three groups 
who received general anesthesia. The time x treatment effect was 
not statistically significant (F = 0.31, P = 0.96) but the treatment 
effect was significant (F = 5.49, P = 0.006). Post-hoc analysis using 
the Newman-Keuls test showed the bupivacaine group (n = 28) to 
have significantly lower VAS scores than either of the other two 
groups (P < 0.05). There was no difference between the morphine 
(n = 36) and placebo (n = 27) groups (P = 0.32). 
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Figure 2. Postanesthesia care unit length of stay (solid bars) and 
hospital length of stay (hatched bars) after general anesthesia and 
surgery according to intraarticular treatment. There were no dif- 
ferences among groups. 


anesthesia group were slightly but significantly older 
than those in the general anesthesia group. 

In those patients who received general anesthesia, 
the time to first analgesic use was significantly pro- 
longed in both the bupivacaine- and morphine- 
treated patients (Figure 4) but the total 24-h analgesic 
requirements were not different among the groups 
(Table 4). 


Discussion 


Our primary findings are that intraarticular bupiv- 
acaine provides significant and prolonged analgesia 
after arthroscopic knee surgery, and that intraarticu- 
lar bupivacaine or morphine increases the time to first 
analgesic use. 

Our data are consistent with those of Chirwa et al. 


ANESTH ANALG 
1992;74:822-6 


VAS SCORE (MM} 





TIME (HOURS) 


Figure 3. Visual analogue scores for individuals who received 
either general anesthesia (@——®, n = 92) or spinal anesthesia 
(M-E, n = 24) irrespective of intraarticular medication. The time 
x treatment effect was highly significant (F = 6.38, P < 0.001). *P 
< 0.05 at individual time points between the two groups. 


Table 3. Patient Characteristics for Type of Anesthesia 







General Regional 
Age (yr) 34.9 + 1.6 41.8 + 2.4° 
Weight (kg) 78 +2 7843 
Height (cm) 13 +1 170 + 2 
ASA status 
I 80 18 
H 32 6 
M 0 3 
Gender 
Male 87 15 
Female 25 R 
"p < 0.05. 
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Figure 4. Survival analysis of the time to first analgesic use. Both 
morphine (n = 43) and bupivacaine (n = 41) survival curves were 
significantly different than that of placebo (n = 49) (P < 0.05). 


(1) who demonstrated that 20 mL of 0.25% bupiv- 
acaine was superior to placebo in providing analgesia 
after knee arthroscopy and with those of Smith et al. 
(8) who found that intraarticular instillation of 30 mL 
of 0.5% bupivacaine allowed earlier ambulation after 
arthroscopy. In addition, Chirwa et al. found that the 
time to first use of opiate analgesics was prolonged in 
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Table 4. Twenty-Four-Hour Analgesic Requirement 


Group n Tablets consumed* 
Saline l = 16 6.75 + 0.93 
Morphine 27 5.22 + 0.68 
Bupivacaine 21 5.76 + 0.93 


“Acetaminophen (300 mg) with codeine (30 mg) given in tablet form. 


the bupivacaine-treated patients, whereas Smith et 
al. showed that opiate requirements in the PACU 
were reduced in the local anesthetic group. Similarly, 
we have demonstrated that the time to first analgesic 
use is prolonged after instillation of intraarticular 
bupivacaine when compared with placebo. In con- 
trast, other studies have failed to show a beneficial 
effect of bupivacaine. However, the control group in 
the study by Hughes (9) received a femoral nerve 
block with 20 mL of 0.25% bupivacaine rather than 
intraarticular saline. Thus, our study is not compara- 
ble to his. Henderson et al. (10) detected no postar- 
throscopy analgesic effect of 30 mL of 0.25% bupiv- 
acaine. Both the control and bupivacaine patients 
received intraoperative opiates, which could have 
confounded their results. 

In our study, morphine provided no significant 
additional analgesia as measured by the VAS scores 
or total analgesic consumption when compared with 
placebo. This lack of a measurable analgesic effect is 
at odds with the data of Stein et al. (6) who demon- 
strated that an intraarticular dose of 1 mg of mor- 
phine provided significant and prolonged analgesia 
after arthroscopic knee surgery. This is somewhat 
surprising considering the fact that we used a much 
larger dose of morphine (6 mg). Studies in animals 
indicate that opioid receptors mediate antinocicep- 
tion in inflamed tissue. The intensity of antinocicep- 
tion is dose dependent and is reversed by stereospe- 
cific antagonists (5). One would expect, therefore, 
that a larger dose of intraarticular morphine would 
provide prolonged analgesia relative to Stein’s re- 
sults. There may be several reasons for the discrep- 
ancy between our data and those of Stein et al. They 
used twice the intraarticular drug volume (40 mL); it 
may be necessary to use such large volumes to realize 
the full antinociceptive effects of opiates. In addition, 
the surgical procedures performed on their patients 
may not have elicited as much postoperative pain, as 
the VAS scores in their control group were substan- 
tially lower than those in our control group. Alterna- 
tively, peripheral opiate receptors may only be func- 
tionally active in inflamed tissue. The type of 
arthroscopic knee surgery in our patients could have 
resulted in the release of fewer inflammatory media- 
tors, thereby activating fewer opiate receptors to bind 
the intraarticular morphine. 
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One can also argue that the disparity in results 
may be related to the use of different preparations of 
morphine and bupivacaine (with and without epi- 
nephrine) in our study. Epinephrine could have 
affected the articular nociceptor activity by a direct 
effect or by sensitization, thereby obscuring any an- 
algesic effect of the morphine. We doubt this for 
several reasons. The ANCOVA failed to show a 
significant correlation between hospitals, and we did 
show a beneficial effect of bupivacaine. If epinephrine 
were truly a confounding variable, one would have 
expected a diminution of the analgesic effect of bupi- 
vacaine. However, as the analgesic effects of mor- 
phine and bupivacaine occur by different mecha- 
nisms, the effect of epinephrine can only be 
addressed in a study comparing solutions with and 
without epinephrine. 

The use of intraarticular morphine or bupivacaine 
was associated with a prolonged time to first analge- 
sic use. The design of our study is insufficient to 
determine if this effect of morphine is mediated 
locally by peripheral opiate receptors or is due to a 
systemic effect. As there were no differences in the 
VAS scores between the control and morphine 
groups, the longer time to first analgesic may be due 
to systemic spread of the morphine. Although the 
elimination half-life of bupivacaine is comparable to 
that of morphine, it is unlikely that the systemic 
absorption of bupivacaine is responsible for the ob- 
served increased time to first use of analgesics. For 
the time period beyond the elimination half-life, the 
VAS scores were significantly lower in the bupiv- 
acaine group compared with both the control and 
morphine groups. However, this issue will need to be 
addressed definitively in future studies by measuring 
blood levels of morphine and bupivacaine. 

Spinal anesthesia was associated with the lowest 
VAS scores irrespective of intraarticular drug treat- 
ment. Our study was not designed specifically to 
address the issue of the effect of the anesthetic 
technique, and this finding will have to be addressed 
in future studies. 

In conclusion, we demonstrated that intraarticular 
bupivacaine administered at the conclusion of arthro- 
scopic knee surgery significantly reduced postopera- 
tive pain and prolonged the time to first analgesic use 
when compared with placebo. Intraarticular mor- 
phine was no better than placebo except for prolong- 
ing the time to first analgesic, an effect that may: be 
mediated by systemic absorption. 
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The purpose of our study was to produce a long- 
acting lidocaine by using a liposome that would 
entrap the drug. Egg yolk phosphatidylcholine and 
cholesterol were used as liposome materials. After 
epidural administration, the pharmacodynamics and 
pharmacokinetics of liposomal and free lidocaine 
were studied in 20 dogs. Two percent liposomal or 
free lidocaine (3.0 mL) was injected into the lumbar 
epidural space. Nerve blocking effects were estimated 
by measuring somatosensory evoked potentials. Re- 
covery time from the epidural block in the liposomal 
lidocaine group (170 + 49.5 min) was approximately 


is needed for postoperative analgesia and con- 

trol of chronic pain. Several attempts have been 
made to prolong the action of local anesthetics. 
Low-molecular-weight (LMW) dextran has been 
added to local anesthetics to modify them by means 
of an alteration in pharmaceutical formulation. Loder 
(1) first reported that the addition of LMW dextran 40 
to 1% lidocaine prolonged the nerve-blocking effect of 
this local anesthetic. Kaplan et al. (2) also showed a 
200% increase in duration of the intercostal nerve 
block when LMW dextran was added to 0.75% bupiv- 
acaine. On the other hand, Bridenbaugh (3) and 
Scurlock and Curtis (4) reported that the duration of 
the nerve-blocking effect was nearly equal with or 
without the addition of 5% LMW dextran to the local 
anesthetic solution. They also demonstrated by equi- 
librium dialysis and membrane ultrafiltration with 
C-lidocaine in the presence and absence of LMW 
dextran that no binding occurred between LMW 
dextran and lidocaine. Thus, the prolongation of local 


i development of long-acting local anesthetics 
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three times longer than that in the free lidocaine 
group (61 + 18.1 min). The areas under the drug 
concentration-time curves (AUC) and time to max- 
imal concentration (T,,,,) in the liposomal lidocaine 
group were significantly larger than those in the free 
lidocaine group. These results suggest that the pro- 
longation of epidural blockade by liposomal lidocaine 
is caused by a slow release of the drug from lipo- 
somes. The present study suggests that liposomal 
lidocaine can be used as a long-acting local anes- 
thetic. 

(Anesth Analg 1992;74:827-34) 


anesthesia by the addition of a dextran formulation is 
controversial and the evidence conflicting. 

With regard to new local anesthetics, Scurlock and 
Curtis (5,6) synthesized a number of quaternary 
amine derivatives, in which one ethyl group of the 
tetraethylammonium ion was replaced by a C,, Cg, 
Cio Cro, Cig, Or Cis side chain. They demonstrated 
that the average duration of infraorbital nerve blocks 
in rats by compounds C,,-C,, was approximately 
400 h; however, Lipfert et al. (7) demonstrated that 
compound C,, blocked natural spike traffic of baro- 
afferents of the aortic nerve tor approximately 4 wk 
and caused severe nerve damage in rabbits. They 
concluded that tetraethylammonium derivatives 
were a neurotoxin rather than a local anesthetic and 
could not be used for clinical purposes. 

The objective of the present study was to produce 
a long-acting local anesthetic by using liposomes that 
would entrap the drugs. We selected liposomes be- 
cause (a) encapsulation of local anesthetics into lipo- 
somes would provide a slow release of anesthetic 
molecules; (b) binding of local anesthetics to lipo- 
somes would provide better drug delivery to nerve 
tissues; and (c) the composition of the liposome 
would be harmless to the tissue. Egg yolk phospha- 
tidylcholine and cholesterol were used to provide the 
lipid bilayers with which lidocaine was intercalated. 
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Figure 1. Preparation of liposome-encapsulated lidocaine. 


The nerve blocking effect of epidurally administered 
lidocaine was estimated by measurement of the so- 
matosensory evoked potential (SSEP) in dogs. 


Methods 
Preparation of Ltposomal Lidocaine 


Lidocaine hydrochloride (99.9% purity) was provided 
by Fujisawa Pharmaceutical Company. Egg yolk 
phosphatidylcholine (10% CHCl, solution) and cho- 
lesterol were purchased from Nippon Seika Labora- 
tories. Egg yolk phosphatidylcholine purified by pre- 
viously described (8) standard procedures was >99% 
pure, as detected by thin-layer chromatography. All 
other chemicals were of the highest grade. The 
method of preparing the liposome-encapsulated 
lidocaine is shown in Figure 1. The concentration of 
lidocaine was adjusted to 2% in the final liposomal 
solution. The control solution (2% lidocaine) was 
prepared with the same lidocaine hydrochloride 
powder and buffer. The pH values were 5.97 and 5.91 
in the liposomal and control solutions, respectively. 
Both solutions were sealed with argon gas and stored 
in the dark at 4°C until use. The liposomal lidocaine 
solution was freshly prepared every 2 wk. 
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The capacity of various liposomes to trap lidocaine 
was estimated by centrifugation. Three types of lipo- 
some, consisting of egg lecithin (phosphatidylcholine) 
and dicetylphosphate; lecithin and distearylamine; and 
lecithin, dicetylphosphate, and cholesterol were tested. 
The liposomal lidocaine solution was centrifuged at 
13,000 g for 60 min, and the concentration of free 
lidocaine in the supernatant was then measured. The 
percentage of apparently entrapped lidocaine was cal- 
culated as follows: 


Apparently entrapped lidocaine (%) = (Co — C,/Cy) x 100, 


where Cy and C, are the lidocaine concentrations in 
liposomal solution and supernatant, respectively. 

Equilibrium dialysis was performed with lidocaine 
in the presence and absence of liposome to determine 
whether encapsulation of lidocaine into liposomes 
could provide a slow release of the drug. Two milli- 
liters of solution was placed in an 8m length of 
Q.75-cm-diameter cellophane dialysis tubing, sus- 
pended in 48 mL of distilled water, and equilibrated 
for 150 min at 25°C. Aliquots of 1 mL were sampled 
from outside the dialysis tubing every 15 min, and 
the lidocaine concentration was measured by gas 
chromatography. 


Duration of Epidural Block In Vivo 


The experimental protocol was approved by the Re- 
search Committee of the Osaka University Medical 
school. Twenty unmedicated mongrel dogs of both 
genders weighing 20.1 + 3.5 kg were studied. Ani- 
mals were divided into two groups: the liposomal 
lidocaine group (group L, n = 10), in which lipo- 
somal lidocaine was epidurally administered and the 
free lidocaine group (group F, n = 10). General 
anesthesia was induced with halothane (3% inspired) 
in air. After tracheal intubation, the dogs’ lungs were 
artificially ventilated to maintain end-tidal carbon 
dioxide in a normal range with 15 mL/kg of air at a 
rate of 20 breaths/min. Anesthesia was maintained 
with 1%-2% halothane during preparation. The left 
femoral artery was cannulated to permit arterial 
blood sampling and continuous monitoring for sys- 
temic arterial pressure. The left femoral vein was also 
cannulated for fluid administration. All animals re- 
ceived 4-7 mL-kg™*:h™* of lactated Ringer’s solution. 
Electrocardiograms were continuously monitored, 
and body temperature was monitored by a nasopha- 
ryngeal thermistor probe. Body temperature was 
maintained at 38 + 1.0°C with a water blanket and an 
electric heater. 

Dogs were placed in the right lateral decubitus 
position. The epidural puncture was made with a 
17-gauge Tuohy needle through the sixth lumbar inter- 
space, and the epidural space was located by the use of 
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a loss-of-resistance method. Vinyl plastic tubing was 
advanced 5 cm beyond the point of the needle and 
placed in the epidural space. To sample the cerebrospi- 
nal fluid (CSF), a vinyl plastic tube was introduced into 
the cerebellomedullary cistern space through a dural 
puncture with a 17-gauge Tuohy needle. 

The SSEP was recorded to monitor the nerve block 
effect of epidural administration of local anesthetics. 
A screw electrode was fixed on the skull over the 
parietal cortex (1 cm contralateral, 2 cm posterior to 
the parietal point) and referenced to a needle elec- 
trode at the left ear. The posterior tibial nerve of the 
right foot was stimulated with a transcutaneous stim- 
ulator to determine the location that caused a distinct 
muscle twitch. Needle electrodes (21 gauge) were 
then placed and secured. The SSEP was measured 
with a Neuropack Four MEM-4104 (Nihon Kohden, 
Tokyo, Japan). A stimulus intensity just sufficient to 
produce a digital twitch was used (1.5-5.0 mA). 
Three hundred stimuli (duration 0.2 ms) were deliv- 
ered at three per second (3 Hz) and averaged. Anal- 
ysis time was 200 ms. Bandpass filters of 2-1000 Hz 
were used. Large voltage artifacts were automatically 
rejected by the computer. The SSEP was recorded 
before drug administration and every 10 min after the 
epidural bolus injection until recovery of its wave- 
form. All data were stored on magnetic disk for later 
analysis. The peak latencies of scalp potentials (Pa 
and Ns) in the waveform of the SSEP were used for 
analysis. Duration of epidural anesthesia represents 
the time from the onset of the block to the time when 
the SSEP waveform returned to that before adminis- 
tration of the drug. 

Anesthesia was maintained with 0.5%-1.0% 
halothane during measurement. Pancuronium was 
administered as needed to maintain paralysis. The 
experimental sequence was as follows. After a control 
reading was obtained, 3 mL of 2% lidocaine solution 
was administered through the epidural space. After 
induction of epidural anesthesia, the SSEP was mea- 
sured every 10 min until recovery of the waveform. 


Pharmacokinetics After Epidural Administration 
of Lidocaine 


After baseline samples of blood and CSF were col- 
lected, 3 mL of 2% lidocaine solution was injected for 
30 s through the epidural tube. Parallel samples of 
blood and CSF were collected before drug adminis- 
tration, 10 min after the epidural bolus injection, and 
every 20 min thereafter until recovery of the SSEP 
waveform. Four milliliters of heparinized blood and 
0.5 mL of CSF were sampled. Plasma was separated 
by centrifugation at 3000 rpm for 10 min and stored in 
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plastic tubes at —20°C until analysis; CSF samples 
were immediately frozen to —20°C in plastic tubes. 

Lidocaine concentrations in plasma and CSF were 
assayed by gas chromatography (9). A 1.0-mL plasma 
sample was placed in a centrifuge tube. After addi- 
tion of 50 uL of the internal standard solution and 
0.5 mL of 1 N NaOH, the mixture was homogenized. 
Six milliliters of chloroform was added and extraction 
performed. After centrifugation for 5 min at 3000 g, 
the supernatant organic layer was transferred to a 
conical tube. The solvent then was evaporated in a 
stream of dry nitrogen and the residue absorbed by 
100 uL chloroform. The assay was calibrated with 
spiked serum standards, and the internal standard 
used was mepivacaine. The analyses were performed 
on a Hewlett-Packard model 5890A chromatograph 
equipped with a flame icnization detector and a 
Megabore DB-1 column. The operating temperature 
of the injection port and detector was 280°C. The 
initial and final temperatures of the column oven 
were 130 and 280°C, respectively. Helium was used 
as the carrier gas (flow rate 15 mL/min). Values were 
expressed as micrograms per milliliter, and the limit 
of detection was 0.03 yg/mL for lidocaine. 

Plasma lidocaine data are reported as mean values 
+ sp and were subjected to pharmacokinetic analysis 
with model-independent techniques. The areas un- 
der the drug concentration-time curves (AUC) and 
under the moment curve (AUMC,...) were deter- 
mined by using the trapezoidal rule with the area to 
infinity calculated from the slope of the curve and the 
last measured plasma lidocaine concentration. The 
residual area was calculated. The terminal plasma 
elimination half-life (Tj) was determined for each 
individual dog. The total body clearance (Cl) of 
lidocaine was calculated with the following equation: 
CI/F = dose/AUC,_.., where F is availability. The time 
to reach maximal concentration (Tmax) and the maxi- 
mal concentration (Cmax in plasma were also deter- 
mined. Mean residence time (MRT) in plasma was 
determined by AUMC/AUC. 

Results are expressed as mean values + sp in the 
text and illustrations. Statistical analysis was per- 
formed using analysis of variance with repeated 
measures and Student's t-test or Aspin-Welch’s 
t-test, or both. Values of P < 0.05 were considered 
statistically significant. 


Results 


For liposomes composed of egg yolk phosphatidyl- 
choline and dicetylphosphate; phosphatidylcholine 
and distearylamine; and phosphatidylcholine, di- 
cetylphosphate, and cholesterol, the percentages of 
apparently entrapped lidocaine were 21.4%, 17.8%, 
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Figure 2. Effects of various liposomes on equilibrium dialysis of 
lidocaine. Control is free lidocaine, and EL-DSA, EL-DCP, and 
EL-chol-DCP represent three kinds of liposomal lidocaine composed 
of egg lecithin (EL), distearylamine (DSA), dicetylphosphate (DCP), 
and cholesterol (chol). The 50% permeability time for EL-chol DCP- 
liposomal lidocaine is 90 min; that for free lidocaine is 37 min. 


and 27.7%, respectively. Entrapment of lidocaine was 
increased in liposome composed of cholesterol. 

The results of equilibrium dialysis of lidocaine are 
depicted in Figure 2. The liposomal lidocaine sample 
showed a large decrease in dialysis speed compared 
with the free-lidocaine control. The 50% permeability 
time for the lidocaine encapsulated in the liposome 
that was composed of egg phosphatidylcholine, di- 
cetylphosphate, and cholesterol was 90 min; for the 
free-lidocaine control, it was 37 min. The decreased 
dialysis speed for liposomal lidocaine appears to be a 
result of the capacity of liposome to entrap lidocaine. 

Figure 3A shows typical SSEP waveforms recorded 
before and at intervals after the epidural injection of 
3 mL of 2% liposomal lidocaine. The poststimulus 
latencies of Po, and N35 were prolonged after epidural 
administration by approximately 6 and 15 ms, respec- 
tively. These changes returned to control level 
200 min after epidural administration. The SSEP 
waveforms were abolished 20-50 min after epidural 
injection in 5 of 10 dogs in group L and in 2 of 10 dogs 
in group F. Latency changes for group L were not 
assessed at 20 min, because peaks could not be 
identified in these five dogs. Figure 3B depicts the Pao 
latency versus time curves for epidural administra- 
tion of free or liposomal lidocaine. The curve for 
group L is a biphasic pattern, with two peaks at 
approximately 20 and 110 min. 

The SSEP waveform was quickly changed, and P.2, 
latency was prolonged within 10 min after epidural 
administration of either free or liposomal lidocaine. 
The exact onset time (within 10 min) could not be 
estimated. Duration of sensory blockade was deter- 
mined as the time from 10 min after drug adminis- 
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tration to the time when the SSEP waveform returned 
to that before drug administration. The mean recov- 
ery time from the epidural block in group L was 170 
+ 49.5 min, significantly longer than that (61 + 
18.1 min) in group F (P < 0.001). 

Figure 4 depicts the changes in systolic blood 
pressure after epidural administration of lidocaine. 
Systolic blood pressure significantly dropped within 
10 min after the epidural administration of either free 
or liposomal lidocaine, compared with the control 
value. The duration time of significant decrease in 
systolic blood pressure was 150 min in group L and 
40 min in group F (Figure 4). The mean recovery time 
of systolic blood pressure in group L was 173 + 
26.3 min, significantly longer than that (90 + 
12.3 min) in group F (P < 0.01). 

Plasma and CSF lidocaine concentrations plotted 
against time are shown for both groups in Figure 5. 
Plasma concentrations rapidly increased after the 
epidural lidocaine bolus injection. The C,,,, (1.64 and 
1.93 ug/mL) for lidocaine were obtained at 11.4 and 
17.0 min after epidural injection for groups F and L, 
respectively. An initial rapid declining phase during 
the first 20-40 min was followed by a slower phase 
during the next 40-180 min in both groups. There 
was a tendency toward higher plasma concentrations 
of lidocaine after epidural injection in group L. A 
slowing of the plasma concentration decrease was 
observed in the liposomal lidocaine group; however, 
there were no significant differences in plasma 
lidocaine concentration between groups L and F. 

Pharmacokinetic variables are shown in Table 1. 
There were statistically significant differences in some 
pharmacokinetic variables between the two groups. 
The AUC), (area under the drug concentration-time 
curve from time zero to final sampling) and AUC» 
(214.4 + 76.1 and 330.3 + 104.4 wg-min™'-mL“, 
respectively) in group L were significantly larger than 
those (119.5 + 77.5 and 197.0 + 146.8 ug-min *-mL™’, 
respectively) in group F (P < 0.05). The Tnax value 
(17.0 + 4.8 min) in group L was also significantly longer 
than that (11.4 + 3.8 min) in group F (P < 0.05). 
Although they were not significant, the terminal 
plasma half-life (T14) and the mean residence time in 
plasma (MRT) in group L tended to be longer than that 
in group F. 

Lidocaine concentrations of CSF sampled from the 
cerebellomedullary cistern space after epidural injec- 
tion were somewhat low compared with those in 
plasma (Figure 5B). The C,,,, values were measured 
20-40 min after injection and averaged 0.417 and 
0.374 ug/mL in groups F and L, respectively. There 
was no difference in CSF lidocaine versus time curves 
between group L and group F. 
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Figure 3. (A) oh rae somatosensory evoked potential (SSEP) waveforms recorded before (Control) and at intervals after the epidural 
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Figure 4. Changes of systolic blood pressure after epidural admin- 
istration of free and liposomal lidocaine. Results are expressed as 
mean values + sp. “P < 0.01 and *P < 0.05 versus control values 
before epidural administration. 


Discussion 


In this study, liposomes composed of egg yolk phos- 
phatidylcholine and cholesterol (1:1 mol/mol) were 
used as a vehicle that would entrap lidocaine. These 
components have been reported to be nontoxic and 


biodegradable (10). Senior and Gregoriadis (11) re- 
ported that those liposomes that were cholesterol rich 
were more stable than those that were cholesterol 
rich were more stable than those that were choles- 
terol free. Centrifugation indicates that the addition 
of cholesterol augments the capacity of liposomes to 
entrap lidocaine. The application of liposomes as a 
carrier of local anesthetics has been recognized as a 
promising and exciting area (12-14). Lopez-Berestein 
et al. (13) demonstrated that multilamellar liposome 
encapsulation of amphotericin B resulted in an im- 
proved therapeutic index in mice with candidiasis. 
Goto et al. (14) showed that the effect of prostaglan- 
din E, incorporated in lipid microspheres on laurate- 
induced peripheral occlusive disease in rats was more 
potent than that of free prostaglandin E}. 

Equilibrium dialysis study showed that encapsula- 
tion of lidocaine into liposomes provided a slow 
release of the drug compared with free lidocaine and 
predicted that liposomally encapsulated lidocaine 
would prolong the duration of its anesthetic effect 
owing to the persistence of the drug. 

Effects of neural blockade by local anesthetic were 
determined by SSEP. Satisfactory evaluation of epi- 
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Figure 5. Time-course of lidocaine plasma (A) and cerebrospinal 
fluid (CSF) (B) concentrations after epidural administration of free 
and liposomal lidocaine; CSF sampling was made from the cere- 
bellomedullary cistern space. Results are expressed as mean values 
£ Sp. 


dural blockade can be performed by careful neuro- 
logic examination in humans but is very difficult in 
animal subjects. Measurement of SSEP is accepted as 
an objective assessment of the integrity of sensory 
pathways and has been used in pain research (15-17). 
This method is valuable in the objective evaluation of 
differential neural effects of various local anesthetics 
(18-21). The effects of 2% lidocaine infiltration on 
SSEP elicited by dental stimulation were observed in 
human subjects (18). Both the SSEP and the subjec- 
tive pain were eliminated by local anesthetic. In 
laboratory studies in monkeys, epidural injections of 
various local anesthetics reduced the amplitude of 
SSEP elicited by electrical stimulation (19). Saugbjerg 
et al. (20) in a clinical study also reported that 
epidural administration of 0.5% bupivacaine signifi- 
cantly increased onset time and latencies of the early 
components in SSEP, whereas amplitudes decreased. 
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In the present study, SSEP was measured under 
halothane anesthesia (0.5%-1.0% inspired). Inhaled 
anesthetics reportedly cause a dose-related decrease 
in amplitude and increase in latency of the SSEP (22); 
however, it was concluded that an end-tidal concen- 
tration of 1.0 MAC halothane in 60% nitrous oxide 
can be compatible with effective SSEP monitoring. 

The SSEP studies done after epidural administra- 
tion of liposomal lidocaine indicate the presence of 
two peaks with regard to Pz) latency. The data 
suggest an initial effect of free lidocaine in the bulk 
solution, followed by a slower release of the drug 
from the liposome formulation. The recovery time 
from sensory blockade in the study group was ap- 
proximately three times longer than that in the con- 
trol group. The duration of significant decrease in 
systolic blood pressure in the study group was ap- 
proximately four times longer than that in the control 
group. Data from the in vivo block study were 
coincident with those of the in vitro equilibrium 
dialysis. These results suggest that the prolongation 
of epidural blockade by liposomal lidocaine is due to 
a slow release of lidocaine from the liposome formu- 
lation. Liposomally encapsulated lidocaine would 
maintain the effective concentration of the drug in the 
epidural space for a long time. 

The P39 latency was prolonged to a greater extent 
after epidural administration of liposomal lidocaine 
compared with free lidocaine, and more animals 
showed complete suppression of SSEP activity with 
liposomal lidocaine. The liposomal lidocaine group 
also demonstrated a more profound degree of hypo- 
tension than the free-lidocaine group. These data 
indicate that liposomal lidocaine provides a more 
profound block than does free lidocaine and suggest 
that encapsulation of lidocaine into liposomes can 
provide better drug delivery to the nerve tissues. The 
profound block could result from the fusion of the 
liposomes with the membranes of the nerve cells, 
resulting in a higher intercellular concentration of 
lidocaine than would be possible with free lidocaine. 

There are several studies (23-25) concerning blood 
levels after epidural injection of lidocaine. Tucker and 
Mather (23) reported that systemic absorption of local 
anesthetics after epidural injection was biphasic. 
Giasi et al. (24) reported that peak plasma lidocaine 
levels were achieved 15 min after epidural injection in 
patients. In the present study, the values of Tmax in 
6/7 of group F showed 10 min. This was the time at 
which the first blood sampling was undertaken after 
drug administration. This result indicates that the 
Cmax occurred before the first measurement and the 
true Cmax was missed in group F. The true Cmax in 
group F may be much higher than that obtained at 
10 min after epidural administration of free lidocaine 
and may be comparable to that in group L. The mean 
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Table 1. Pharmacokinetic Variables Characterizing the Absorption of Lidocaine After Epidural Administration in Dogs 





Cay or AUG AUCpo-x Tip Cl/F MRT 
Dog No. (ug/mL) (min) (ug-min '-mL') (ug-min '-mL ’) (min) (mL/min) (min) 
2% Free lidocaine (n = 7) 

1 0.95 10 101.8 155.9 114.8 384.9 170.6 
2 1.69 10 89.1 135.6 65.5 442.5 94.0 
3 1.77 10 126.2 245.9 172.7 244.0 232.9 
4 0.93 10 54.8 70.2 77.4 854.7 103.4 
5 Lidge 10 92.2 112.4 47.1 533.8 70.9 
6 1.55 10 84.0 152.0 89.8 394.7 126.1 
7 2.84 20 288.6 507.1 131.5 118.3 190.3 
Mean 1.64 11.4 119.5 197.0 99.8 424.7 141.2 
SD 0.64 3.8 E ko 146.8 43.0 233.1 58.5 

2% Liposomal lidocaine (n = 10) 
1 1:35 20 149.8 467.8 426.2 128.3 598.9 
2 2n 10 302.8 438.0 117.1 137.0 174.2 
3 2.40 20 170.9 318.6 130.9 188.3 184.7 
4 1.33 20 229.1 ay A 170.8 188.9 252.0 
5 2.77 20 358.3 454.8 144.5 131.9 206.5 
6 1.55 10 152.8 320.0 ya | 187.5 247.5 
7 1.53 20 123.9 129.8 52.4 462.2 83.2 
8 1.96 20 195.2 270.0 3730 Zee 187.1 
9 1.30 20 184.0 242.8 124.4 247.1 184.3 
10 3.03 10 277.5 343.8 101.5 174.5 146.0 
Mean 1.93 170° 214.4" 330.3" 157.6 206.8 226.4 


SD 0.63 4.8 76.1 104.4 100.4 97.6 139.4 


Cmax Maximal plasma concentration; Tmax, time to reach maximal concentration; AUC), area under the lidocaine concentration-time curve from time zero 
to final sampling; AUC,..., area under the lidocaine concentration-time curve from time zero to infinity; T,,2, terminal plasma elimination half-life; Cl, total body 
clearance; F, availability; MRT, mean residence time. 

“Significant difference with free lidocaine, P < 0.05. 


Tmax Value in group L was 17.0 min and was signifi- 
cantly longer than that in group F. This result indi- 
cates that the Cmax occurred between 10 and 20 min 
after epidural administration of liposomal lidocaine. 
These results suggest that encapsulation of lidocaine 
into liposomes provided a slow release of the drug. 
The other pharmacokinetic analysis showed that the 
mean plasma AUC in group L was significantly larger 
than that in group F. The T; and MRT in blood also 
tended to be longer for liposomal lidocaine. These 
pharmacokinetic variables suggest that encapsulation 
of lidocaine into liposomes does not reduce the 
fraction of dose absorbed, as in the addition of 
epinephrine (26), but reduces the rate of release of the 
drug and increases its availability in the epidural 
space. 

Lidocaine concentrations in the CSF taken in the 
cerebellomedullary cistern space were low compared 
with plasma concentrations. This means that there is 
little cephalad transport of lidocaine. The mean time- 
courses of the CSF lidocaine levels after epidural 
injection of free and liposomal lidocaine were similar. 
These results suggest that epidural administration of 
liposomal lidocaine will not significantly affect the 
brain. 

To produce a long-acting local anesthetic, lipo- 


some-encapsulated lidocaine was tested by in vivo 
study. Encapsulation of lidocaine into liposomes re- 
duces the rate of release of the lidocaine and increases 
its local availability, resulting in prolongation of the 
blocking effect after epidural administration. Liposo- 
mal lidocaine can also provide better drug delivery to 
the nerve tissues, resulting in potentiation of the 
blocking effect. The present study indicates that lipo- 
somal lidocaine can be used as a long-acting local 
anesthetic. Further studies for another local anes- 
thetic, bupivacaine, should be undertaken. 


References 


1. Loder RL. A local anesthetic solution with longer action. 
Lancet 1960;11:345-7. 

2. Kaplan JA, Miller ED, Gallagher EG. Postoperative analgesia 
for thoracotomy patients. Anesth Analg 1975;54:773-7. 

3. Bridenbaugh LD. Does the addition of low molecular weight 
dextran prolong the duration of action of bupivacaine? Reg 
Anaesth 1978;3:6. 

4. Scurlock JE, Curtis BM. Dextran-local anesthetic interactions. 
Anesth Analg 1980;59:335—-40. 

5. Scurlock JE, Curtis BM. Tetraethylammonium derivatives: 
ultralong-acting local anesthetics? Anesthesiology 1981;54: 
265-9 

6. Curtis BM, Scurlock JE. The mechanism of action of local 
anesthesia by tetraethylammonium derivatives. Anesthesiol- 
ogy 1981;54:270-7. 


834 


13. 


14. 


15. 


16. 


17. 


REGIONAL ANESTHESIA AND PAIN MANAGEMENT MASHIMO ET AL. 
LIDOCAINE 


EPIDURAL BLOCKADE BY LIPOSOMAL 


. Lipfert P, Seitz RJ, Arndt JO. Ultralong-lasting nerve block: 


triethyldodecyl ammonium bromide is probably a neurotoxin 
rather than a local anesthetic. Anesthesiology 1987;67:896-904. 


. Sunamoto J, Kondo H, Nomura T, Okamoto H. Liposomal 


membranes. 2. Synthesis of a novel pyrene-labeled lecithin 
and structural studies on liposomal bilayers. J Am Chem Soc 
1980;102:1146-52. 


. Zylber-Katz E, Granit L, Levy M. Gas-liquid chromatographic 


determination of bupivacaine and lidocaine in plasma. Clin 
Chem 1978;24:1573-5. 


. Gregoriadis G. The carrier potential of liposomes in biology 


and medicine (first of two parts). N Engl J Med 1976;23:704-10. 


. Senior RA, Gregoriadis G. Is half life of circulating liposomes 


determined by changes in their permeability? FEBS Lett 1983; 
145:109-14. ` 


. Gregoriadis G. The liposome drug-carrier concept: its develop- 


ment and future. In: Gregoriadis G, Allison AC, eds. Lipo- 
somes in biological systems. New York: John Wiley & Sons, 
1980:25-86. 

Lopez-Berestein G, Hopfer RL, Mehta R, Metha K, Hersh EM, 
Juliano RL. Liposome-encapsulated amphotericin B for treat- 
ment of disseminated candidiasis in neutropenic mice. J Infect 
Dis 1984;150:278-83. 

Goto J, Araki H, Otomo S, Aihara H. A comparison of the 
effect of lipo PGE, and other related compounds on experi- 
mental peripheral arterial occlusive disease in rats. Drugs Exp 
Clin Res 1986;12:917-21. 

Carmon A, Dotan Y, Sarne Y. Correlation of subjective pain 
experience with cerebral evoked response to noxious thermal 
stimulation. Exp Brain Res 1978;33:445-53. 

Chudler EH, Dong WK. The assessment of pain by cerebral 
evoked potentials. Pain 1983;16:221-44. 

Chapman CR, Chen ACN, Harkins SW. Brain evoked poten- 
tials as correlates of laboratory pain: a review and perspective. 


18. 


19, 
20. 


21, 


24., 


26. 


ANESTH ANALG 
1992;74:827—34 


In: Bonica JJ, Liebeskind JC, Albe-Fessard D, eds. Advances in 
pain research and therapy. Volume 3. New York: Raven, 
1979:791-803. 

Gehrig JD, Colpitts YH, Chapman CR. Effects of local anes- 
thetic infiltration on brain potentials evoked by painful dental 
stimulation. Anesth Analg 1981;60:779-82. 

Cusick JF, Myklebust JB, Abram SE. Differential neural effects 
of epidural anesthetics. Anesthesiology 1980;53:299-306. 
Saugbjerg P, Asoh T, Lund C, Kuhl V, Kehlet H. Effects of 
epidural analgesia on scalp-recorded somatosensory evoked 
potentials to posterior tibial nerve stimulation. Acta Anaesthe- 
siol Scand 1986;30:400-3. 

Lund C, Selmar P, Hansen OB, Hjortso N-C, Kehlet H. Effect 
of epidural bupivacaine on somatosensory evoked potentials 
after dermatomal stimulation. Anesth Analg 1987;66:34-8. 


. Peterson DO, Drummond JC, Todd MM. Effects of halothane, 


enflurane, isoflurane, and nitrous oxide on somatosensory 
evoked potentials in humans. Anesthesiology 1986;65:35-40. 


. Tucker GT, Mather LE. Pharmacokinetics of local anesthetic 


agents. Br J Anaesth 1975,;47:213-24. 

Giasi RM, D’Agostino E, Covino BG. Absorption of lidocaine 
following subarachnoid and epidural administration. Anesth 
Analg 1979;58:360-3. 


. Burn AGL, Vermeulen NPE, van Kleef JW, de Boer AG, 


Spierdijk J, Breimer DD. Pharmacokinetics of lidocaine and 
bupivacaine in surgical patients following epidural administra- 
tion. Simultaneous investigation of absorption and disposition 
kinetics using stable isotopes. Clin Pharmacokinet 1987;13:191- 
203. 

Mather LE, Tucker GT, Murphy TM, Stanton-Hicks M, Bonica 
JJ. The effects of adding adrenaline to etidocaine and lig- 
nocaine in extradural anaesthesia. II: pharmacokinetics. Br J 
Anaesth 1976;48:989-94. 


Effects of Epidural and Spinal Anesthesia on 


Blood Rheology 


Joseph A. Odoom, MD, PhD, James G. Bovill, MD, PhD, FFARCSI, Max R. Hardeman, PhD, 
Johannes Oosting, PhD, and Wouter W. A. Zuurmond, MD, PhD 


Departments of Anaesthesiology, Internal Medicine, and Medical Physics, Academic Medical Centre, University of 
Amsterdam and Department of Anaesthesiology, University Hospital, Leiden, The Netherlands 


This study was designed to compare the influence of 
epidural and spinal anesthesia on blood viscosity. We 
studied 22 patients, ASA classification I, who under- 
went elective knee or ankle arthroscopy and received 
epidural (n = 11) or spinal (n = 11) anesthesia with 
plain bupivacaine, and 10 control volunteers, who 
did not undergo surgery or receive anesthesia. There 
were significant decreases in hematocrit, plasma vis- 
cosity, and whole-blood viscosity at high (70 s~’), 
medium (0.5 s~*), and low (0.05 s~') shear rates. The 
magnitude of changes was similar in all groups but 
occurred earlier in the control group (between 10 and 


operative thromboembolism in patients receiv- 

ing epidural (1) or spinal (2) anesthesia, al- 
though this finding has not been confirmed by others 
(3). The mechanism for this has been attributed to an 
increase in blood flow to the limbs (4) and altered 
coagulation and fibrinolysis (5-7). Additional factors 
could be the inhibitory effect of local anesthesia on 
platelets (7) and leukocyte function (8) and the mor- 
phologic change in erythrocytes induced by local 
anesthetics (9). Changes in blood rheology caused by 
‘local anesthetics may also be important (9). Spinal 
anesthesia is associated with decreased blood viscos- 
ity (10). It is not known whether similar changes 
occur during epidural anesthesia. We studied the 
changes in blood viscosity in 22 patients undergoing 
elective orthopedic surgery with epidural or spinal 
anesthesia with plain bupivacaine and 10 healthy 
volunteers who formed a control group. 


( . tudies have shown a reduced incidence of post- 
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30 min) and after spinal administration (between 10 
and 30 min) rather than after epidural administration 
(between 30 and 60 min) of bupivacaine. Only spinal 
anesthesia was associated with a decrease in erythro- 
cyte deformability. The observed rheologic changes 
are attributed to hemodilution from the intravenous 
administration of fluids and the redistribution of fluid 
in the intravascular and extravascular compartments 
after sympathetic blockade and to postural changes 
rather than the effect of bupivacaine on blood ele- 
ments. 

(Anesth Analg 1992;74:835-40) 


Methods 


Twenty-two patients (18 men and 4 women), ASA 
classification I, undergoing elective knee or ankle 
arthroscopy as an outpatient (day-case surgery) pro- 
cedure with either epidural (n = 11) or spinal (n = 11) 
anesthesia and 10 volunteers (8 men and 2 women) 
were studied. The patients were randomly allocated 
to either the epidural or spinal anesthesia group. 
None of the subjects was receiving drugs known to 
affect blood coagulation or rheology. All women were 
using oral contraceptives. The study was approved 
by the local hospital ethics committee, and informed 
consent was obtained from all patients and volun- 
teers. 

Patients received no preoverative medication. In 
the operating room, electrocardiographic electrodes 
were applied, and the electrocardiogram and heart 
rate were continuously displayed. Arterial blood 
pressure was measured noninvasively at 3-min inter- 
vals during surgery and at 15-min intervals in the 
recovery room. A central venous catheter was in- 
serted for administering fluid and withdrawing blood 
samples. 

Epidural puncture was performed with an 18- 
gauge Tuohy needle in the L3-4 or L4-5 interspace 
with the patient in the sitting position. A test dose of 
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3 mL of 0.5% plain bupivacaine was injected through 
the epidural needle. When no reactions occurred to 
the test dose, 22 mL of the same solution was injected 
and the epidural needle was withdrawn. 

The intrathecal space was identified by using a 
midline approach at either the L3-4 or L4-5 interspace 
with a 22- or 25-gauge spinal needle with the patient 
in the sitting position, and 3.5-4 mL of 0.5% hyper- 
baric bupivacaine without epinephrine was injected 
without barbotage. Immediately after injection, the 
patient was placed in a supine horizontal position. In 
both groups, analgesia, extending from T-10 to S-5, 
was confirmed by pinprick before skin incision. Dur- 
ing surgery, patients spontaneously breathed room 
air without additional oxygen. Patients did not re- 
ceive any sedatives. After the operation, the patients 
were transferred to the recovery room. 

Ten healthy volunteers (eight men and two 
women) aged 20-23 yr, were studied in a quiet, 
dimmed room, with the temperature maintained at 
22°C, All subjects fasted from the midnight before the 
study, which was performed the next morning. Dur- 
ing the study, the electrocardiogram and noninvasive 
arterial blood pressure were continuously monitored. 
A central venous catheter was inserted for withdraw- 
ing blood samples and administering fluid. Saline 
solution was infused intravenously at the rate of 
3 mL-kg~*-h~*. The volunteers did not receive med- 
ication before the study and did not receive epidural 
or spinal anesthesia. A 15-min rest period was al- 
lowed before blood sampling commenced. During 
the entire study, the control subjects remained su- 
pine on the bed and received no stimulation. 

In the patients, venous blood samples were with- 
drawn before (baseline) and 10, 30, 60, 90, and 
180 min after epidural and spinal administration of 
bupivacaine; in the control subjects, venous blood 
samples were withdrawn at these same times after 
the rest period. Blood was collected into tubes con- 
taining (a) sodium-EDTA for the determination of 
whole-blood and plasma viscosity, (b) potassium- 
EDTA for the measurement of hemoglobin concen- 
tration and hematocrit, and (c) buffered sodium cit- 
rate for the measurement of platelet count and 
fibrinogen concentration. Blood and plasma viscosity 
were measured in a Contreves L530 rotational vis- 
cometer at 37°C. Blood viscosity was measured at 
three shear rates: low (0.05 s~*), medium (0.5 s~’), 
and high (70 s~*). Plasma viscosity does not vary with 
shear rate, as it behaves like a Newtonian fluid. 
Aggregation factor (11) was derived from the ratio of 
whole-blood viscosities measured at low and high 
shear rates. Taylor’s factor, an index related to the 
deformability of red blood cells, was calculated as 
described previously by Dintenfass (12): 
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Table 1. Clinical Characteristics of 22 Patients and 10 
Control Subjects 


Spinal Epidural 
Control anesthesia anesthesia 
subjects group group 
(n = 10) (n = 11) (n = 11) 
Age (yr) 21.5 + 0.85 34 + 12° 39 + 11° 
Weight (kg) 80.4 + 13.3 754+11.8 73.0 + 19.0 
Height (cm) 181 + 6.0 178 + 8.0 172 + 12.0 
Time to incision — 35.0 + 4.0 46.5 + 7.7 
(min)" 
Duration of surgery — 44.5 + 6.0 44.5 + 14.6 
(min) 
Total IV fluids (mL) 720 + 122 681 + 108 658 + 172 


IV, intravenous. 

Values are mean values + sp. 

“Time to incision is time from bupivacaine administration to skin 
incision. 

’P < 0.01, compared with control group. 

°P < 0.01, compared with spinal anesthesia group. 


TF = (1 aa Uw ~ °*) Het, 


where TF is Taylor's factor; U e (relative viscosity) is 
the ratio of whole-blood viscosity at high shear rate to 
plasma viscosity; and Ht is hematocrit. Hemoglobin 
concentration, hematocrit, and platelet count were 
measured automatically by a Technicon H-1 System 
(Technicon Instruments Corporation, Tarrytown, 
N.Y.). Plasma fibrinogen concentration was deter- 
mined by the technique previously described by 
Clauss (13). Laboratory personnel did not know from 
which anesthesia group the patient samples origi- 
nated. All investigations were carried out in an am- 
bient temperature of 22°C. There was no blood loss 
during surgery. 

Data were analyzed by two-factor analysis of vari- 
ance with repeated measures (BMDP:5V program, 
Statistical Software Package) and a paired t-test. A 
value of P < 0.05 was considered statistically signifi- 
cant. Results are expressed as mean values + sp. 
When indicated, differences within groups were as- 
sessed by using a paired t-test with Bonferroni's 
corrections for multiple comparisons. 


Results 


The groups were comparable with respect to weight, 
height, and volume of intravenous fluids infused 
during the study (Table 1). The age of the volunteers 
was statistically lower than that of the patients (Table 
1). All volunteers slept for most of the study period. 
There were no changes in heart rate or blood pressure 
during the study period in any of the groups. The 
changes in the measured hematologic and rheologic 
variables are shown in Table 2 for the control sub- 


ANESTH ANALG 
1992;74:835-40 


REGIONAL ANESTHESIA AND PAIN MANAGEMENT 


ODOOM ETAL. 837 
LOCAL ANESTHESIA AN3 BLOOD RHEOLOGY 


Table 2. Hematologic and Rheologic Variables in 10 Volunteers Before (t = 0) and After Intravenous Administration of 


Saline Infusion (NaCl, 0.9%) 


0 10 

Hematocrit 0.42 + 0.03 0.41 + 0.03 
Plasma viscosity (mPa) 1.35 + 0.05 1.33 + 0.07 
Blood viscosity (mPa) 
Shear rate (371) 

0.05 70.2 + 14.1 64.3 + 11.0" 

0.5 24.2 + 3.5 23.3 + 2.8" 

70 5.06 + 0.37 4.91 + 0.32 
Platelet count (10°/L) 214 + 57 207 + 52 
Fibrinogen (g/L) 22203 2.1 + 0.4 
Aggregation factor 13.8 + 2.0 13.0 + 1.6 
Taylor’s factor 0.95 + 0.03 0.95 + 0.04 


Values are mean values + sp. 


*P < 0.05, compared with t = 0. 
EP < 0.001, compared with t = 0. 
cP < 0.01, compared with t = 0. 


Time (min) 

30 60 90 180 
0.42 + 0.03" 0.41 + 0.03° 0.41 + 0.0% 0.41 + 0.037 — 
1.31 + 0.05" 1.32 + 0.0 1.32 + 0.05" 1.29 + 0.05° 
61.0 + 11.3° 59.0 + 10.0° 58.8 + 10.4 55.5 + 9.4° 
2.1+3.1° 21.7 + 3.0 21.5 + 2.3° 20.5 + 2.0 
4.83 + 0.28 4.80 + 0.30 4.78 + 0.27 4.7 + 0.28 
215 + 45 214 + 39 214 + 39 213 + 38 

' 210.3 2.1 0.4 2.1+0.3 2.1 + 0.4 
12.8+1.7 12.2 + 1.4? 12.2 + 1.7 11.7 = 1.6° 
0.95 + 0.08 0.96 + 0.04 0.95 + 0.03 0.96 + 0.05 


Table 3. Hematologic and Rheologic Variables in 11 Patients Before (t = 0) and After Epidural Administration of 
Bupivacaine (125 mg) for Surgery Started Between 30 and 60 Minutes. 


0 10 

Hematocrit 0.44 + 0.03 0.44 + 0.03 
Plasma viscosity (mPa) 1.39 + 0.07 1.38 + 0.10 
Blood viscosity (mPa) 
Shear rate (s37!) 

0.05 73.2 + 17.0 73.0 + 16.4 

0.5 27.6 + 4.0 27.0 + 4.2 

70 5.22 + 0.38 5.20 + 0.37 
Platelet count (10°/L) 232 + 41 227 + 36 
Fibrinogen (g/L) 2.8 + 0.6 2.6 + 0.9 
Aggregation factor 9-227 14.0 + 2.7 
Taylor's factor 0.93 + 0.03 0.94 + 0.03 


Values are mean values + sp. 

"P < 0.01, compared with t = 0. 
èP < 0.001, compared with t = 0. 
€P < 0.05, compared with t = 0. 


jects, in Table 3 for the epidural anesthesia group, 
and in Table 4 for the spinal anesthesia group. 

In all groups, there was a highly significant de- 
crease in blood viscosity over time for low and 
medium shear rates and in the epidural and spinal 
anesthesia groups for high shear rates. The pattern of 
change over time of blood viscosity at low shear rate 
was similar among the groups (group vs time inter- 
action: F = 1.47; df = 10, 145; P = 0.155), but there 
was a significant difference between the spinal anes- 
thesia and volunteer groups at medium shear rate 
(P = 0.0002) and high shear rate (P = 0.044). Plasma 
viscosity decreased significantly (P < 0.001) with time 
in all groups. There was a highly significant differ- 
ence between the spinal anesthesia and volunteer 
groups (group vs time interaction: F = 4.82; df = 5, 95; 


Time (min) 
30 60 90 180 

0.43 + 0.03" 0.43 + 0.03? 0.42 + 0.03° 0.42 + 0.03 
1.37 + 0.0% 1.36 + 0.07 1.35 + 0.08° 1.33 + 0.06? 
68.8 + 20.3 63.8 + 18.6" 60.1 + 17.6" 54.7 + 15.7 
25.6 + 4.9% 24.6 + 4.4? 23.5 + 5.0? 22.0 + 4.1? 
5.06 + 0.42 4.93 + 0.30° 4.8) + 0.40° 4.7 + 0.30° 
197 + 62° 206 + 50 181 + 71* 220 + 38 

2.6 + 0.8 2.5 + 0.6° 2.6 + 0.7 2.5 + 0.6° 
13.5 + 3.3 12.8 + 3.1° 12.3 + 2.8" 11.5 + 2.8° 
0.94 + 0.02 0.94 + 0.03 0.96 + 0.03 0.94 + 0.05 


P = 0.0006) but no difference between the epidural 
anesthesia and volunteer or epidural and spinal an- 
esthesia groups. 

There was a highly significant (P < 0.001) decrease 
in hematocrit over time in all groups. The pattern of 
change was similar between the epidural and spinal 
anesthesia groups, but the volunteer group differed 
significantly from the epidural anesthesia group 
(group vs time interaction: F = 2.97; df = 5, 95; P = 
0.0155) and the spinal anesthesia group (group vs 
time interaction: F = 6.72; df = 5, 95; P < 0.0001). 
Fibrinogen concentrations decreased in the epidural 
and spinal anesthesia groups but not in the volunteer 
group. Platelet count decreased significantly in all 
groups. There were highly significant differences 
between the volunteer and spinal anesthesia groups 
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Table 4. Hematologic and Rheologic Variables in 11 Patients Before (t = 0) and After Spinal Administration of 
Bupivacaine (17-20 mg) for Surgery Started Between 30 and 60 Minutes 


0 10 

Hematocrit 0.43 + 0.03 0.43 + 0.03 
Plasma viscosity (mPa) 1.38 + 0.06 1.34 + 0.07° 
Blood viscosity (mPa) 
Shear rate (97+) 

0.05 62.1 + 17.0 58.0 + 15.0 

0.5 26.0 + 3.8 25.0 + 3.4 

70 5.03 + 0.44 4,96 + 0.44 
Platelet count (10°/L) 234 + 43 238 + 49 
Fibrinogen (g/L) 3.00.5 3-0: 2°0:5 
Aggregation factor 122 25 11.02.25" 
Taylor’s factor 0.95 + 0.04 0.95 + 0.04 


Time (min) 
30 60 90 180 

0.42 + 0.03" 0.41 + 0.02" 0.41 + 0.03* 0.40 + 0.03" 
1.35 + 0.06 1.32 + 0.7 1.30 + 0.06* 1.29 + 0.06" 
53.0 + 17.0° 49.0 + 15.0° 48.0 + 12.5% 45.7 + 16.0° 
23.0 43.77 21.6 + 3.3% 20.4 + 4.3* 19.6 + 4.49 
4.76 + 0.38° 4.60 + 0.38" 4.55 + 0.41" 4.70 + 0.50" 
229 + 49 229 + 46 220 + 42° 94? + 40 
2.9 + 0.6 2.9 + 0.6° 2.8 + 0.5° 2.7 + 0.5" 
11.0 + 3.0° 10.6 + 2.8° 10.4 + 2.24 9.8 +2,9 
0.95 + 0.03 0.97 + 0.02? 0.98 + 0.03? 0.98 + 0.02 


Values are mean values + sp. 

"P < 0.001, compared with t = 0. 
*P < 0.05, compared with t = 0. 
€P < 0.01, compared with t = 0. 


(P = 0.0023) and between the volunteer and epidural 
anesthesia groups (P = 0.0024). Aggregation factor 
decreased in all groups, and there was no difference 
among the groups. Taylor's factor did not change in 
the volunteer or epidural anesthesia group but in- 
creased in the spinal anesthesia group. 


Discussion 


This study has demonstrated a significant reduction 
in whole-blood viscosity in control subjects and in 
patients who received epidural or spinal anesthesia 
with bupivacaine. Whole-blood viscosity is deter- 
mined by plasma viscosity, hematocrit, and erythro- 
cyte deformability and aggregation (14). These factors 
are interrelated in a complex manner. The presence of 
erythrocytes, and their capacity to aggregate and 
deform, gives blood a non-Newtonian character (i.e., 
its viscosity is dependent on the local shear rate). 
Shear means a sliding motion between two adjacent 
planes, and shear stress is defined as the tangential 
force per unit area exerted in the direction of a flow 
on the layer of a fluid (laminar flow). Depending on 
their distance from the vascular wall, the individual 
fluid laminae flow in parallel but at different veloci- 
ties, creating a velocity gradient, or shear rate. In flow 
regions with low shear rates, aggregation of the 
erythrocytes results in an exponential increase of 
blood viscosity; at high shear rates, the viscosity is 
mainly determined by the deformability of the cells. 
The ellipsoid morphology of the erythrocytes at high 
shear enables them to orient according to the direc- 
tion of flow. The reduction in plasma viscosity in our 
study, although statistically significant, was small, on 
the order of 4% in the control group and 5% and 7% 


in the epidural and spinal anesthesia groups, respec- 
tively, and of doubtful clinical significance. It is likely 
that the decreased plasma viscosity in the epidural 
and spinal anesthesia groups is related to the small 
but significant 12% reduction in plasma fibrinogen 
concentration in addition to the decrease in hemato- 
crit; however, in the control subjects there was no 
significant change in the plasma fibrinogen concen- 
trations. This difference suggests that the decrease in 
plasma viscosity in the control subjects was entirely 
due to a decrease in hematocrit. 

In all groups, whole-blood viscosity decreased at 
all shear rates, with the least reduction occurring at 
high shear rate. Blood viscosity is exponentially, but 
not linearly, related to hematocrit, especially at low 
shear rates (14). Blood viscosity at low shear rate is 
also greatly influenced by erythrocyte aggregation, 
which in turn is influenced by fibrinogen concentra- 
tion. Although the decreases in hematocrit, the major 
determinant of blood viscosity, in all groups were 
numerically small, it is likely that this was mainly 
responsible for the reduction in blood viscosity. We 
also found small but significant decreases in aggrega- 
tion factor in all groups and decreased erythrocyte 
deformability (as estimated by an increase in Taylor's 
factor) during spinal but not epidural anesthesia with 
bupivacaine or in the control group. Although de- 
creased aggregation would reduce blood viscosity, a 
decrease in erythrocyte deformability would paradox- 
ically increase viscosity; however, these changes are 
only likely to be of clinical relevance in the microcir- 
culation. A decrease in erythrocyte deformability is 
associated with a reduced tendency for aggregation 
(15). The decrease in blood viscosity may be due 
entirely to the reduction in hematocrit caused by 
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hemodilution or the increase in blood volume. The 
reduction in blood viscosity was more profound in 
the patients than in the control subjects. This sug- 
gests that the changes were not solely related to the 
administration of intravenous fluids but also partly to 
neural blockade. | 

The average volume of intravenous fluids admin- 
istered to the volunteers and the patients was approx- 
imately 700 mL. This decreased the hematocrit by 
2.5% in the volunteers and by 5% in the patients 
receiving epidural or spinal anesthesia. Other factors 
such as vasodilatation may be responsible for the 
greater increase in blood volume in the patients. 
Many drugs administered during anesthesia, includ- 
ing volatile anesthetics such as halothane, can de- 
crease blood viscosity at all shear rates (16-18). The 
decrease in blood viscosity (9%-14%) with halothane 
anesthesia is greater than that observed in our study. 
The difference between halothane anesthesia and the 
results of our study may be explained by a greater 
degree of generalized vasodilatation induced by 
halothane, compared with the regional vasodilatation 
produced by neural blockade. 

Sympathetic blockade, the adrenergic blockers 
guanethidine and phenoxybenzamine (19), and ven- 
odilators such as isosorbide dinitrate (20) cause an 
increase in circulating plasma and blood volume. This 
results in a decrease in hematocrit and blood viscos- 
ity. Sympathetic activation, as observed in patients 
under the stress of impending surgery who receive 
no preoperative medication (16) or with the infusion 
of epinephrine (21), causes hemoconcentration and 
blood hyperviscosity. All of our patients remained 
awake during surgery. Nevertheless, we found a 
decrease in blood viscosity. This may have been 
caused by neural blockade, which reduces catechol- 
amine increases in response to surgery (22,23) and 
which can cause an increase in circulating blood 
volume. 

In the control group, the decrease in blood viscos- 
ity at 10 min without any significant changes in 
fibrinogen concentration suggests that the observed 
findings at the time when the control subjects were 
resting in bed may be related to other factors, such as 
sleep, rather than to the administered intravenous 
fluids alone. For the effect of intravenous fluids on 
blood rheology to be apparent, a large volume of fluid 
(10) may be necessary. A previous study (24) has 
demonstrated that sleep induced by exposure of 
patients to electrical current for 1 h resulted in a 
decreased blood viscosity at all shear rates, hemoglo- 
bin, and total plasma protein concentrations. Dro- 
peridol, which reduces sympathetic activity by seda- 
tion and adrenergic blocking effect, also decreases 
blood viscosity at all shear rates (16). These changes 
were attributed to decreased sympathetic nervous 
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activity, resulting in hemodilution due to redistribu- 
tion of extracellular volume in which fluid is shifted 
from the extracellular space to intravascular compart- 
ment. All of our control subjects fell asleep 10-15 min 
after the withdrawal of the baseline blood samples. 
This could explain the decrease in blood viscosity 
occurring at 10 min. In contrast, the patients re- 
mained awake during surgery, and there was fre- 
quent communication between surgeon and patient. . 

In the spinal anesthesia group, the reduction in 
blood viscosity measured at low shear rate at 10 min 
may be due to a decrease in plasma viscosity caused 
by increased blood volume after neural blockade. The 
decrease in plasma viscosity resulted in a reduction in 
ageregation factor. Red blood cell aggregation and 
low shear blood viscosity are functions of plasma 
viscosity. There was no significant change in blood 
viscosity at all shear rates 10 min after the institution 
of epidural block. The early onset of spinal anesthesia 
may explain the differences. 

In conclusion, we have shown a greater reduction 
in blood viscosity in patients who received epidural 
or spinal anesthesia with bupivacaine than in resting 
volunteers who received saline infusion. These 
changes are presumed to be due to hemodilution 
resulting from intravenous administration of fluids or 
the redistribution of body fluids associated with sym- 
pathetic blockade, or a combination of these factors, 
rather than to the direct effect of bupivacaine in the 
blood. | 


We thank P. Goedhart and I. Y. Koen for their technical assistance 
with the laboratory investigation; Dr. F. Berend for advice; and 
M. P. M. Toelen for typing the manuscript. 
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Pharmacokinetics and Pharmacodynamics of Pipecuronium 
Bromide (Arduan) in Elderly Surgical Patients 
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The neuromuscular response to pipecuronium bro- 
mide (Arduan), 70 ng/kg, was studied in 20 elderly 
(>70 yr) and 10 younger patients (<60 yr) during 
nitrous oxide, fentanyl, and droperidol anesthesia. 
The adductor pollicis response to single 0.2-ms su- 
pramaximal pulses was recorded. Although all 
younger patients were completely paralyzed, 2 of 20 
elderly patients did not attain 90% paralysis. Onset 
time in the elderly was prolonged (6.9 + 2.6 vs 4.3 + 
1.5 min, P < 0.02). Spontaneous recovery was similar 


sent approximately 15% of the surgical popula- 

tion at our institution. Because many physiologic 
processes are altered by advancing age, the pharmaco- 
kinetics and pharmacodynamics of long-acting muscle 
relaxants in the elderly may be different than in the 
young. The distribution of these drugs may be affected 
by a decrease in total body fluid, lean body mass, 
cardiac output, and protein binding. The elimination of 
these drugs may, in turn, be prolonged by a decrease in 
cardiac output, renal blood flow, glomerular filtration 
rate, and splanchnic blood flow. For example, recovery 
from pancuronium-induced neuromuscular blockade is 
prolonged by approximately 50% in the elderly owing 
to a 35% decrease in plasma clearance that results in an 
increased elimination half-life of 201 min compared 
with 107 min in younger patients (1). Matteo et al. (2) 
have similarly shown that as a result of age-associated 
changes in plasma clearance and volume of distribu- 
tion, recovery from both d-tubocurarine and metocu- 
rine in the elderly is prolonged by approximately 50% 
and 100%, respectively. 


| sents patients, above the age of 70 yr, repre- 
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in both groups, with 75% recovery occurring at 133 + 
52 min in the elderly and 146 + 46 min in the younger 
patients. The pharmacokinetic variables were similar 


. for the two groups, and pharmacodynamic analysis 


revealed a similar sensitivity at the neuromuscular 
junction. The pharmacologic actions of pipecuronium 
in otherwise healthy patients do not differ between 
young and elderly adults. 

(Anesth Analg 1992;74:841-4) 


Pipecuronium bromide (Arduan) is a new long- 
acting, nondepolarizing muscle relaxant structurally 
related to pancuronium but free of cardiovascular side 
effects. Like other long-acting muscle relaxants, the 
elimination of pipecuronium is primarily renal (3,4). As 
other long-acting, nondepolarizing muscle relaxants 
have a prolonged duration of action in geriatric pa- 
tients, this study was undertaken to define the kinetics 
and dynamics of pipecuronium in the elderly. 


Methods 


This study was approved by the Institutional Review 
Board of the Columbia University College of Physi- 
cians and Surgeons. Informed consent was obtained 
from 10 young (<60 yr) and 20 elderly (>70 yr) 
surgical patients. All patients were free from signifi- 
cant renal, hepatic, metabolic, or neuromuscular dis- 
orders. Patients receiving anticonvulsants or any 
other drugs known to alter the response to neuro- 
muscular relaxants were excluded from this study. 
General anesthesia was induced with the intrave- 
nous administration of thiopental, 3-5 mg/kg, fenta- 
nyl in 50-100 wg increments, and droperidol in 
2.5-mg increments, as needed, to treat increases in 
heart rate and arterial blood pressure. Ventilation 
was controlled through a face mask with N,O-O, 
(70%-30%) to a PETco, of 25-35 mm Hg. The ulnar 
nerve was stimulated at the wrist with single 0.2-ms- 
duration supramaximal pulses at a rate of 0.1 Hz from 
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a Grass model $-8 or S-88 stimulator and SIU-4678 
stimulus isolation unit. The adductor pollicis response 
was quantitatively detected and recorded with a Grass 
. FT-10 force adduction transducer. After monitoring the 
twitch response for at least 5 min to establish a steady 
baseline, a 70-ug/kg IV bolus injection of pipecuronium 
was rapidly administered. Once maximal blockade had 
occurred, the trachea’ was intubated, and anesthesia 
was maintained with N,O-O, (70%-30%) and a fenta- 
nyl infusion of 2-5 yg-kg~*-min~*. Esophageal temper- 
ature was maintained between 35.0 and 36.4°C with the 
aid of heating blankets. 

Timed blood samples were obtained at 1, 3, 5, 10, 
15, 20, 30, 45, 60, 75, 90, 105, 120, 150, 180, 210, 240, 
300, and 360 min after pipecuronium injection. The 
plasma was separated and analyzed for pipecuro- 
nium by gas chromatography, as described previ- 
ously by Furuta et al. (5). This assay was linear over 
a pipecuronium concentration range of 20-750 ng/mL 
(correlation coefficient 0.998 + 0.002 for 30 experi- 
ments). The coefficient of variation between samples 
was 3%-7% and was independent of standard con- 
centration. The sensitivity of the assay was 5 ng/mL. 

For the pharmacokinetic analysis, biexponential 
and triexponential functions were fit to the time 
versus pipecuronium concentration data by using 
nonlinear least-squares analysis (6). The error func- 
tion was weighted by the reciprocal of the observed 
concentration squared. A two- or three-compartment 
model was selected by the Boxenbaum criteria for 
improvement in the weighted mean square error as 
determined by the F-test (7).-Kinetic variables were 
obtained from the variables of the exponential equa- 
tions, as described previously by Wagner (8). 

The time from injection of pipecuronium to the 
attairiment of maximal neuromuscular blockade (on- 
set time), the depth of maximal neuromuscular block- 
ade (maximal block), and the times to spontaneous 
recovery to 10%, 25%, 50%, 75%, and 90% of baseline 
twitch weré recorded and compared between groups 
with an unpaired two-tailed t-test. Recovery indices 
were calculated as the times to progress from 10% to 
25% recovery and from 25% to 75% recovery. In 
addition, regression lines derived from the extrapo- 
lated pipecuronium concentrations at 25%, 50%, and 
75% recovery, representing the linear portion of the 
log-concentration versus response curve, were com- 
pared between groups with analysis of covariance. 

The threshold for statistical significance was set at 
P < 0.05. All data are expressed as mean values + sp. 


Results 


Demographic variables and study results are summa- 
rized in Table 1 and Figures 1-3. It should be noted 
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Table 1. Variables for Pipecuronium Kinetics and 
Dynamics in 20 Elderly and 10 Younger Patients 


Elderly Younger 

patients patients P 
Age (yr) 75 +4 49 +7 0.0001 
Height (cm) 165 + 8 173 + 8 0.0165 
Weight (kg) 65.2 + 14.4 815+ 10.0 0.0033 
Ideal body weight (%) 105 + 12 113 + 12 NS 
Temperature (°C) 35.5+ 0.5 358+04 NS 
PETCO, (mm Hg) 30.0 + 4.3 29.3 + 3.7 NS 
Creatinine (mg/dL) 1.0 + 0.2 1.0 + 0.2 NS 
Onset time (min) 6.9 + 2.6 4.5+1.5 0.013 
Maximal block (%) 95.5 + 6.2 100 0.029 
Distribution half-life (min) 19.7 + 11.1 16.6 + 8.0 NS 
Elimination half-life (min) 181 + 68 154 + 61 NS 
V, (mL/kg) 62 + 32 64 + 37 NS 
Voss (mL/kg) 393 + 131 314 + 66 NS 
Clp (mL-kg~!-min™') 2.4 + 1.0 2.5 + 0.7 NS 
10%-25% RI (min) 27.2 + 2.0 22181 NS 
25%-75% RI (min) 63.8 + 31.4° 60.1 + 21.2? NS 


PETCO,, end-tidal CO, pressure; V, initial volume of distribution; V pss: 
steady-state volume of distribution; Clp, plasma clearance; RI, recovery 
index; NS, not significant. 

Data presented are mean values + sD. 

“n = 18. 

‘n= 9, 


TIME (MINUTES) 





0 20 40 60 80 100 
RECOVERY (%) 


Figure 1. Recovery measured as percent of baseline twitch re- 
sponse after bolus administration of pipecuronium 70 pg/kg. Mean 
values + sp; n = 20 elderly and 10 younger patients. There were no 
significant differences. 


that the younger patient group was significantly taller 
and heavier than the elderly group. Total body 
weight expressed as percent of ideal body weight 
(IBW), however, was similar between groups. Ideal 
body weight was calculated as follows (9): 


IBW (men) = 50 kg 
+ 1 kg/2.5 cm above or below 150 cm in height, 


IBW (women) = 45 kg 
+ 1 kg/2.5 cm above or below 150 cm in height. 


A statistically significant prolongation of onset 
time was observed in the elderly while the level of 
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Figure 2. Log concentration versus response curves for pipecuro- 
nium. Mean values + sp; n = 20 elderly and 10 younger patients. 
There were no significant differences. 
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Figure 3. Mean plasma concentration versus time curves after 
bolus administration of pipecuronium 70 ug/kg. Mean values + sp; 
n = 20 elderly and 10 younger patients. There were no significant 
differences. 


maximal block was somewhat decreased with 2 of 20 
patients in this group not attaining 90% block. An 
apparent accelerated spontaneous recovery in the 
elderly group, seen in Figure 1, is small and not 
statistically significant and is probably related to the 
lack of complete paralysis in these two elderly pa- 
tients. The slopes of the two lines in Figure 1 are, in 
fact, essentially identical. The time from injection to 
75% recovery was 133 + 52 min in the elderly 
compared with 146 + 46 min in the young (P = NS). 
There were no significant differences between groups 
for 10% to 25% and 25% to 75% recovery indices. 

The sensitivity of the neuromuscular junction to 
pipecuronium was similar between age groups, as 
shown in Figure 2, with a plasma concentration at 
50% recovery (Cp50%) of 63 ng/mL in the younger 
and 71 ng/mL in the elderly patients. 

The mean plasma concentration versus time 
curves of pipecuronium for the two patient groups 
are shown in Figure 3. Visual inspection suggests that 
these curves do not differ significantly. A three- 
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compartment model provided the best fit in 5 of the 
10 younger patients and in 14 of the 20 elderly 
patients. Derived pharmacokinetic variables revealed 
no statistically significant differences between the 
two groups. 


Discussion 


It has been established in both humans (3) and 
animals (4) that the kidney is the primary organ of 
elimination for pipecuronium. Furthermore, renal 
function normally declines with increasing age. Glo- 
merular filtration rate and effective renal plasma flow 
decrease 30% and 46%, respectively, between the 
ages of 30 and 80 yr, with an acceleration in this rate 
of decline occurring after age 65 yr (10,11). Thus, the 
finding of this study that the elimination and action 
of pipecuronium are not affected by age is unex- 
pected. The study protocol was designed to eliminate 
patients with a serum creatinine >1.5 mg/dL. This 
would have the effect of eliminating elderly patients 
with significantly diminished renal function. In fact, 
there were no patients rejected from this study for 
this reason. Thus, this protocol requirement cannot 
be faulted for selection bias. Similar findings have 
been reported by Rupp et al. (12) for pancuronium. 
They studied six elderly patients receiving pancuro- 
nium and reported that this group did not vary 
significantly from a younger control group in either 
kinetics or dynamics. They, too, attributed their in- 
ability to detect significant differences between the 
two groups to the fact that they examined “healthy” 
elderly individuals with presumably good renal func- 
tion. However, in those patients with significant 
renal deterioration (end-stage renal disease), im- 
paired elimination of pancuronium is manifested by a 
prolonged duration of action, reduced plasma clear- 
ance, and a prolonged f-elimination half-life (1). 

Demographically, at first glance the somatypes of 
the two groups studied appear to be different, the 
younger patients being heavier than the elderly pa- 
tients. Because the pipecuronium dose was calculated 
on the basis of total body weight, the younger pa- 
tients would have received a larger effective dose of 
pipecuronium. This might explain the greater degree 
of paralysis seen in the younger patients and may 
have obscured a prolongation of action in the elderly 
patients. This is unlikely inasmuch as the younger 
patients were significantly taller, so that each group 
in fact received similar doses in terms of their ideal 
body weight. 

Cardiac output decreases in the general population 
(unscreened for occult cardiovascular disease) by 
approximately 1% per year after age 30 yr (13). This 
age-related decrease in cardiac function and muscle 
perfusion could explain the delayed onset of paralysis 
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seen in the elderly patients. In addition, the fact that the 
selected dose of pipecuronium, for unclear reasons, did 
not completely paralyze two of the elderly patients 
would also tend to increase the apparent onset time in 
this group. Nevertheless, the sensitivity at the neuro- 
muscular junction was similar in both age groups, as 
were the pharmacokinetic variables for this neuromus- 
cular blocker. Thus, once recovery began, there was no 
difference in the rate of recovery between groups. 

Another hypothesis that could account for the 
pharmacokinetic similarity between younger and el- 
derly patients seen with pipecuronium proposes the 
existence of an additional nonrenal pathway for the 
elimination of, pipecuronium. Analysis of the plasma 
clearance determinations from this and other studies 
lends support to this hypothesis. Our values for 
pipecuronium clearance (2.4 and 2.5 mL-kg~'-min~* 
are in exact agreement with the 2.4-mL-kg™'-min™’ 
value obtained previously by Caldwell et al. (14). 
These values significantly exceed the normal glomer- 
ular rate of 1.7 mL-kg™*-min™', so that simple glo- 
merular filtration is unlikely to account completely for 
the elimination of pipecuronium. Additional evi- 
dence can be ‘drawn from previous studies reporting 
that renal failure accounts for decreases in plasma 
clearance of 80%, 69%, 60%, and 38% for gallamine 
(15), pancuronium (16), metocurine (17), and d-tubo- 
curarine (18), respectively. These data are related to 
the prolonged effect of these drugs in patients with 
renal failure and are inversely related to the propor- 
tion of the dose eliminated through nonrenal path- 
ways. In contrast, a 33% decrease in pipecuronium 
clearance was not accompanied by an increased du- 
ration of action among renal failure patients (3). 
Thus, it may be inferred that pipecuronium is the 
long-acting relaxant least affected by deterioration in 
renal function. If so, subtle age-related changes in 
renal function are not likely to affect the pharmacol- 
ogy of pipecuronium. 


We thank Ronald D. Miller, mp, and Manohar Sharma, PhD, for 
assistance in establishing the gas chromatographic assay for pipe- 
curonium in our laboratory. 
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Dose-Response Relations of Doxacurium and Its Reversal 
With Neostigmine in Young Adults and Healthy 


Elderly Patients 


Z. J. Koscielniak-Nielsen, MD, FFARCS, J. C. Law-Min, MD, FFARCSI, 
F. Donati, MD, PhD, FRCPC, D. R. Bevan, MB, MRCP, FFARCS, P. Clement, and R. Wise 
Departments of Anaesthesia, McGill University and Royal Victoria Hospital, Montreal, Quebec, Canada 


Dose-response relationships for doxacurium and neo- 
stigmine were established in 24 young (18-40 yr) and 
24 elderly (70-85 yr) patients, ASA physicai status I or 
If, anesthetized with thiopental, fentanyl, nitrous 
oxide, and isoflurane. Mechanomyographic response 
of the adductor pollicis muscle to the train-of-four 
stimulation of the ulnar nerve was recorded. Doxacu- 
rium (5, 10, 15, or 20 ug/kg IV) was administered by 
random allocation. After maximal blockade, an addi- 
tional dose, for a total of 30 wg/kg, was administered. 
When first twitch height recovered to 25%, incremen- 
tal doses of 5 ug/kg were administered for mainte- 
nance of relaxation. Neostigmine (5, 10, 20, or 
40 we/kg) was injected at 25% first twitch recovery, 
and neuromuscular monitoring was continued for 
10 min. The doses of doxacurium (++SEM) required to 
produce a 50%, 90%, and 95% depression of twitch 


ge has a variable effect on the pharmacody- 
namic behavior of long-acting, nondepolarizing 
uscle relaxants. In the elderly, the dose- 
response relationships of pancuronium, vecuronium, 
alcuronium, d-tubocurarine, and metocurine remain 
unchanged, but duration of blockade is usually pro- 
longed (1-4). This prolonged effect is most likely due to 
the decreased function of the organs of elimination. 
Doxacurium is a new long-acting, nondepolarizing 
muscle relaxant that appears to be free of any cardio- 
vascular side effects. It is probably eliminated mainly 
through the kidneys (5), and its duration of action may 
be prolonged in the elderly, making the drug less 
suitable for this group of patients. In one study (6), 
however, neither duration of action nor elimination 
half-life was found to be significantly longer in the 
elderly, but the number of subjects studied was small. 
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tension in the young patients were, respectively, 13.3 
+ 1.6, 23.6 + 2.8, and 28.6 + 3.4 pg/kg, not statisti- 
cally different from corresponding values in the el- 
derly, 11.8 + 1.3, 21.2 + 2.3, and 25.9 + 2.9 pg/kg, 
respectively. Time to 25% recovery after 30 ug/kg was 
80.2 + 12.2 min in the young versus 133.0 + 17.1 min 
in the elderly (P < 0.05). Neostigmine-assisted recov- 
ery was not significantly different in both groups. The 
estimated doses of neostigmine to obtain 70% train- 
of-four recovery after 10 min were 53.6 + 7.5 ug/kg in 
the young and 41.6 + 5.8 ug/kg in the elderly (P = 
NS). It is concluded that the intensity of blockade 
produced by a given dose of doxacurium is similar in 
young and elderly adults; however, a longer duration 
of surgical relaxation can be expected in the elderly. 

(Anesth Analg 1992;74:845-50) 


Therefore, this study was designed to compare the 
dose-response relationships and onset and duration 
of action of doxacurium chloride in healthy young 
and elderly patients. Neuromuscular blockade was 
antagonized with various doses of neostigmine to 
obtain dose-response relationships. 


Methods 


The protocol was approved by the Hospital Ethics 
Committee. After informed consent was obtained, 
we studied 48 patients (24 young, 18—40 yr, and 24 
elderly, 70-85 yr), ASA physical status I or I, who 
were undergoing low- to moderate-risk surgical pro- 
cedures. Surgery was elective and was expected to 
last a minimum of 90 min. Women of childbearing 
potential were excluded, as were patients with clini- 
cal or biochemical evidence of neuromuscular, cardio- 
vascular, renal, hepatic, or psychiatric disease and 
obesity or malnutrition. Patients who had been re- 
ceiving quinidine, lidocaine, trimetaphan, antihista- 
mines, phenytoin, antidepressants, or aminoglycoside 
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antibiotics were also excluded from the study. The 
majority of patients were given preoperative medica- 
tion of oral diazepam (5 mg) on the morning of surgery. 

General anesthesia was induced with fentanyl 
(1.5-2.0 g/kg IV) and thiopental (3-7 mg/kg IV). The 
lungs were then ventilated with a face mask with 
nitrous oxide (50%-70% in oxygen) and 0.5% end- 
tidal isoflurane. Supramaximal, 0.1-ms, square-wave, 
train-of-four (TOF) stimuli were delivered by the Datex 
Relaxograph to the ulnar nerve at the wrist and re- 
peated every 10 s. The force of contraction of the 
adductor pollicis muscle was measured with a Grass 
FT-10 transducer and recorded on paper. After estab- 
lishment of a stable baseline twitch response, an initial 
dose of doxacurium (5, 10, 15, or 20 ug/kg IV) was 
administered by random allocation. When maximal 
blockade was reached, a second dose, for a total of 
30 pg/kg, was administered. The trachea was then 
intubated and the lungs mechanically ventilated. 
Minute volume was adjusted to maintain end-tidal 
Pco, between 30 and 35 mm Hg, as measured with the 
Datex Capnomac. Anesthesia was maintained with 
nitrous oxide in oxygen, isoflurane (0.5% end-tidal 
concentration), and fentanyl in 50-100-yg aliquots as 
necessary. When the first twitch (T1) had recovered 
spontaneously to 25% of control, either an additional 
dose of doxacurium (5 ueg/kg) or neostigmine was 
administered.. The dose of neostigmine (5, 10, 20, or 
40 ug/kg with 0.6-1.2 mg atropine) was determined by 
random allocation. After 10 min, an additional dose of 
neostigmine, for a total of 60 ug/kg, was injected with 
0.6-1.2 mg atropine. Recovery of adductor pollicis re- 
sponse was followed until either 90% of T1 height or 
70% of TOF ratio was obtained. Isoflurane and nitrous 
oxide were then discontinued. 

Dose-response curves for doxacurium were con- 
structed by plotting the logit transformation of the 
percentage of T1 depression against the logarithm of 
the dose of doxacurium (7). The doses corresponding 
to 50%, 90%, and 95% T1 depression (EDs, EDgg, and 
EDs) were then calculated from the linear regression 
equations, and the standard error of estimate was 
used as an index of dispersion (8). Onset of maximal 
blockade was defined as the time from the injection of 
the first dose until a stable depression of T1 was 
reached, defined as three consecutive T1 responses of 
equal height. Times to 5%, 10%, 15%, 20%, and 25% 
recovery were defined as the intervals between the 
injection of the second dose and the respective points 
of T1 recovery. The 10%-25% recovery time was 
measured, and duration of top-up doses was mea- 
sured from the time of injection of each additional 
dose (5 g/kg) until T1 spontaneously recovered to 
25% control. Durations to 5%, 10%, 15%, 20%, and 
25% recovery are expressed as mean values + SEM 
and range. Because the distribution of durations was 
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not normal and the experiment had to be terminated 
before 25% T1 recovery in some patients, the median 
values for times to 5%, 10%, 15%, 20%, and 25% T1 
recovery were calculated. In addition, the number of 
patients reaching 25% T1 recovery within 60 min after 
the second dose was recorded. 

Neostigmine dose-response curves were obtained 
using the amplitude of T1 and TOF measured 10 min 
after the antagonist was administered. The logit 
transformation of neostigmine-assisted recovery of 
T1 and TOF ratio was plotted against the logarithm of 
the first dose of neostigmine. Assisted recovery was 
estimated by subtracting the anticipated spontaneous 
recovery from the total measured recovery. This was 
obtained by extrapolating the twitch height linearly 
from the last 10 min before the first dose of neostig- 
mine was administered (9). For example, if T1 was 
20% 10 min before injection of neostigmine and 25% 
when neostigmine was administered, the anticipated 
spontaneous recovery would be calculated to be 30% 
after an additional 10 min. Thus, the maximal possi- 
ble effect of neostigmine would be 100% — 30% = 
70%. If neostigmine produced a measured T1 of 65% 
after 10 min, then 30% would be considered sponta- 
neous recovery, and the remaining 35% would be 
attributed to neostigmine. In this example, neostig- 
mine would have produced 50% of the maximum 
possible, or 35%/70%. The relationship between the 
TOF ratio and dose of neostigmine was plotted in the 
same way, except that no extrapolation was at- 
tempted because the TOF ratio was zero in all cases 
when the first dose of neostigmine was injected. 
Linear regressions were calculated from the log-logit 
plots. The doses required for 50%, 70%, and 80% 
assisted recovery (EDsq, EDy , and EDgy, respectively) 
for T1, as well as EDs, and ED) for TOF recovery, 
were then calculated for both groups. In patients 
given neostigmine before 25% spontaneous recovery 
of T1, the reversal data were not included in the 
dose-response analysis. 

Results are presented as mean values + SEM and 
range. When data are not normally distributed or are 
missing, the median value is also given. Dose- 
response data were compared by analysis of covari- 
ance. Comparisons of complete data sets were made 
by Student's t-test. For sets with missing data, statis- 
tical analysis was performed nonparametrically by 
Spearman’s rank test. Differences were considered 
statistically significant when P < 0.05. 


Results 


The demographic data are presented in Table 1. The 
mean age of the young patients was 27.8 yr; for the 
elderly, it was 74.2 yr. Height and weight were 
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Table 1. Demographic Data of 24 Young and 24 
Elderly Patients 


Young patients Elderly patients 
Age (yr) 27.8 + 5.0 74.2 + 3.6 
Weight (kg) 69.7 + 13.6 67.9 + 9.0 
Height (cm) 170 + 10 165 +9 
Gender (M:F)* 16:8 10:14 


Values for age, weight, and height are presented es mean values + sD. 
“M, male; F, female. 


Table 2. Dose-Response Relationships for Doxacurium 


Young Elderly 

patients patients Difference 
ED; (ug/ke)* 13.3 216 11.8+13 NS 
ED (ug/kgy* 23.6 + 2.8 LERA NS 
EDos (ug/kgy 28.6 + 3.4 25.9 + 2.9 NS 


NS, not significant. 

Values are presented as mean values + SEM. 

Dose of doxacurium required to produce a 50%, 90%, and 95% depres- 
sion of twitch tension, respectively. 


T4 (%) 





5 10 20 40 60 


Dose (j19/kg) 


Figure 1. Depression of first twitch height (T1) (logit scale) versus 
administered dose of doxacurium (log scale). 


comparable, but there was a male preponderance in 
the young group. 

There was no difference between the two patient 
groups in doxacurium doses required to produce 
50%, 90%, and 95% of T1 depression (EDs EDog, and 
EDgs) (Table 2) and the dose-response curves for 
doxacurium (Figure 1). Both the speed of onset after 
the first dose and the maximal blockade obtained 
after the second dose (total 30 g/kg) were similar in 
both age groups (Table 3). In the young group, five 
patients did not reach 95% twitch depression, two 
did not reach 85%, and one did not reach 80%. In the 
elderly group, four patients did not reach 95%, and 
one did not reach 85%. The times to 5%, 10%, 15%, 
20%, and 25% T1 recovery tended to be prolonged in 
the elderly group, but the differences did not reach 
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Table 3. Neuromuscular Effects of Doxacurium 


Young Elderly 
patients patients Difference 
Onset time of 11.0 + 0.5 12.2 + 0.7 NS 
maximal blockade (8-15.5) (7.5-25) 
after 1st dose (min) 
Maximal T1 97.1 + 1.2 98.3 + 0.8 NS 
depression after (79-100) (84-100) 
2nd dose (min) 
Time to 10% 
recovery (min) 
Mean 62 80 NS 
SEM 11 12 
n 21 17 
Median 56 87.5 P < 0.05 
Range <13 to 255 <15 to >325 
Time to 25% 
recovery (min) 
Mean 80 105 NS 
SEM 13 13 
n 22 16 
Median 78 132 P < 0.05 
Range 17 to 306 30 to >325 
Time from 22.7 + 1.9 39.6 + 2.4 P < 0.05 
10% to 25% (9-51) (16-124) 
recovery (min) 
Duration of 34.94 7.7 69.7 +10.7  P<0.05 
the Ist top-up (7-56) (29-92) 
dose (min) n= 9 n = 5* 


NS, not significant; n, number of patients. 
Values are presented as mean values + sem, with range in parentheses. 


statistical significance. However, only two of the 
young patients versus eight of the elderly had a 
duration of surgery that was less than the time to 25% 
recovery. Time to 25% recovery could not be mea- 
sured in these cases. Thus, more elderly than young 
patients were excluded from the analysis because of 
prolonged blockade (Table 3). All patients were mon- 
itored for at least 60 min, by which time 12 young but 
only four elderly had recovered to 25% (P < 0.05). 
The median durations to 5%, 10%, 15%, 20%, and 
29% recovery were also significantly greater in the 
elderly patients (Table 3). The time from 10% to 25% 
recovery was also longer in the elderly group (P < 
0.05) (Table 3). 

Only 14 patients (nine young, five elderly) re- 
ceived additional doses. The duration of these top-up 
doses was longer in the elderly group (P < 0.05) 
(Table 3). Seven patients (one elderly, six young) 
received two or more top-up doses. 

In two patients very prolonged blocks occurred. In 
a 37-yr-old man, first twitch reappeared after 
200 min, and 25% T1 recovery was achieved after 
306 min. The T4/T1 ratio was 73% at that time. 
Neostigmine (0.06 mg/kg) produced 95% T1 recovery 
in 6 min. The T4/T1 ratio was 92% at that time. In the 
second patient, a 70-yr-old woman, T1 started reap- 
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Table 4. Dose-Response Relationships for Neostigmine 
Young patients Elderly patients 


(n = 18) (n = 11) Difference 

T1 recovery 

EDs (g/kg) 13.2 + 3.4 10,9 222 NS 

ED yy (ug/key 28.4 + 7.4 19.3 + 3.9 NS 

EDgo (ug/kg)® 46.4 + 12.1 27.8 + 5.6 NS 
TOF recovery 

EDs (ug/key* 21.8 + 3.3 20.1 + 2.8 NS 

ED yy (ug/key’ 53.6 + 7.5 41.6 + 5.8 NS 


TOF, tram-of-four; NS, not significant. 

Values are presented as mean values + SEM. 

“Dose of neostigmine required to produce 50%, 70%, and 80%, respec- 
tively, of Ti recovery or train-of-four ratio, 10 min after administration of 
neostigmine. 


pearing 270 min after injection of doxacurium, and 
5% T1 recovery was reached after 325 min, at which 
time the T4/T1 ratio was 25%. Neostigmine 
(0.05 mg/kg) was administered. The TOF ratio was 
70% after 2 min, but T1 height was only 25%. Fifteen 
minutes after neostigmine administration, the T4/T1 
ratio was 89%, but T1 was still only 52% of control. 
The patient awoke, was able to breathe and cough 
freely, her trachea was extubated, and she was ob- 
served carefully for any signs of residual weakness. 
She and the other patient recovered uneventfully. 

In six young and 13 elderly patients neostigmine 
was administered before 25% recovery was reached 
because the duration of surgery was shorter than the 
time to 25% recovery. The dose-response relation- 
ships for neostigmine were calculated for the remain- 
ing patients (18 young, 11 elderly). 

The neostigmine EDso, EDz 9, and ED for T1 
recovery, as well as the EDs) and ED for TOF ratio 
recovery, are presented in Table 4. Efficacy of neo- 
stigmine was similar in both groups. The dose- 
response curves for neostigmine are shown in Fig- 
ures 2 and 3. In five elderly and eight young patients, 
the TOF ratio did not recover to 0.7 within 10 min 
after the second dose (for a total of 60 ue/kg) was 
administered. Among these, eight patients received 
the first dose of neostigmine before T1 recovered to 
25%, but five (one elderly, four young) received 
neostigmine at 25% recovery. 


Discussion 


This study d2monstrated comparable potency of dox- 
acurium in healthy elderly (70-85 yr) and young 
(18-40 yr) patients. The duration of action, however, 
was longer in the elderly than in the young. Pancu- 
ronium (1), vecuronium (2), d-tubocurarine (4), and 
metocurine (4) also have similar potencies in young 
and elderly adults. The dose of neostigmine required 
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Figure 2. First twitch height (T1) recovery due to neostigmine 
(logit scale) versus dose of neostigmine (log scale). Measurements 
of twitch height were made 10 min after administration of neostig- 
mine. 


TOF ratio 





5 10 20 40 60 
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Figure 3. Train-of-four (TOF) ratio recovery due to neostigmine 
(logit scale) versus dose of neostigmine (log scale). Measurements 
of TOF were made 10 min after administration of neostigmine. 


for reversal of T1 or T4/T1 was also similar in both age 
groups. 

Despite the use of low-concentration isoflurane, 
the EDs of doxacurium in both groups (25.9 ug/kg in 
the elderly and 28.6 ug/kg in the young) is within the 
23-30-ug/kg range found in previous studies in adults 
during narcotic-nitrous oxide anesthesia (10-12). That 
isoflurane did not decrease ED- and EDs in our 
patients, as reported by others (11,13), can be attrib- 
uted to the small amounts used (end-tidal isoflurane 
concentration 0.5%) and to the short duration of 
administration of isoflurane (10-15 min) before dox- 
acurium was administered. After the first dose of 
doxacurium, the time to maximal twitch depression 
(11.0 + 0.5 min in the young and 12.2 + 0.7 min in 
the elderly) was similar in magnitude to that reported 
by other studies in healthy adults (10-12,14) and was 
similar in both age groups. Maximal block 97.1% vs 
98.3% was also comparable to previous studies that 
used similar monitoring techniques (6,10-12). Equi- 
potent doses of doxacurium appear to have a slower 
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onset time than gallamine, d-tubocurarine, metocu- 
rine, alcuronium, or pancuronium, which all produce 
maximal twitch depression after 5-7 min (15-17). This 
slow onset of action is probably due to high potency 
(18-20). 

Dresner et al. (6) reported a slower onset in the 
elderly after a single dose of 25 yg/kg. In the present 
study, onset time was found to be similar in both 
young and elderly patients. This apparent discrep- 
ancy may be due to the wider dose range used in our 
study (5-20 g/kg), which is likely to increase vari- 
ability. Recovery times were variable in both groups, 
and two patients took as long as 237 min (young) and 
325 min (elderly) to reach 5% recovery. However, the 
duration of action of doxacurium was longer in el- 
derly patients, confirming a tendency that was iden- 
tified in the previous study (6). In addition, the 
elderly group had a longer recovery time from 10% to 
25% recovery, and top-up doses had a longer dura- 
tion, indicating decreased elimination of doxacurium 
in this age group. Two patients had an abnormally 
prolonged duration of action: time to 10% recovery 
was >4 h after a dose equal to 1.1 x ED gs was 
administered. Of interest was the small degree of 
fade observed in both of these patients. The reasons 
for this unusual response are not clear, but it appears 
that a small number of patients may be unusually 
sensitive to doxacurium, and in these patients, mon- 
itoring the TOF ratio might be misleading. Prolonged 
duration of action was reported in the elderly for 
pancuronium (1), vecuronium (2), d-tubocurarine (4), 
and metocurine (4). In all of these studies, variability 
appeared greater in the elderly, and doxacurium does 
not appear to be unique in this regard. Also, because 
the doses administered in the previous studies are 
not equipotent with those in the present study, it 
cannot be concluded that doxacurium has more vari- 
ability than other long-acting relaxants. 

Renal excretion of unchanged drug is an important 
route of elimination of doxacurium (5). Its plasma 
clearance (2.22-2.47 mL-kg~?-min™’) is low (5) but 
similar to the other long-acting relaxants, such as 
alcuronium, pancuronium, gallamine, or d-tubo- 
curarine (21). Prolonged elimination half-life in the 
elderly may be responsible for the longer duration of 
muscle paralysis (4). In the younger group, after 
administration of 30 ug/kg of doxacurium (1.1 x 
ED,;), the duration of 80 min before the return of T1 
to 25% recovery is close to 84.3 min reported by Basta 
et al. (12) after administration of the same dose. 
Compared with 1-2 x EDgs doses of other long-acting 
relaxants, time to 25% recovery from doxacurium 
does not appear to differ (Table 5); however, duration 
data must be interpreted with caution. In all studies 
cited in Table 5, including the present study, the 
number of patients for whom duration of action to 
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Table 5. Comparative Studies of Other Long-Acting 
Relaxants in Adults (Usually 18-70 yr) 


Mean 25% 
Relaxant and recovery 
dose (mg) Anesthesia (min) Source 
Pancuronium 
0.08 N,O narcotic 86 Katz (22) 
0.1 NO narcotic 99 Savarese et al. (15) 
0.1 Halothane 114 Fahey et al. (23) 
0.1 N-O narcotic . 83 Basta et al. (12) 
0.1 N-O narcotic 74 Swen et al. (26) 
0.1 Halothane 90 Swen et al. (26) 
0.1 Enflurane 106 Swen et al. (26) 
Metocurine 
0.3 N,O narcotic 82 Savarese et al. (15) 
0.4 NO narcotic 107 Savarese et al. (15) 
d-Tubocurarine 
0.6 . N,O narcotic 81 Savarese et al. (15) 
Pipecuronium 
0.05 NLO narcotic 53 Newton et al. (24) 
0.1 N20 narcotic 95 Larijani et al. (25) 
0.1 N-O narcotic 85 Swen et al. (26) 
0.1 Halothane 89 Swen et al. (26) 
0.1 Enflurane 125 Swen et al. (26) 
Doxacurium 
0.025 Isoflurane 67 Dresner et al. (6) 
0.030 NO narcotic 84 Basta et al. (12) 
0.035 Isoflurane 80 This study 
0.040 NO narcotic 77 Basta et al. (12) 
0.050 Enflurane 85 Swen et al. (26) 


25% T1 recovery was measured was always less than 
the number of subjects receiving the drug. This is 
most likely due to surgical procedures that were 
completed before 25% T1 was achieved, and pro- 
longed durations were excluded from analysis. Thus, 
the durations cited in Table 5 are probably a low 
estimate. This type of bias is probably more impor- 
tant in the case of elderly patients, because more 
elderly patients have a prolonged duration of muscle 
paralysis before 25% recovery. For example, mean 
duration to 25% recovery was 105 min in this study, 
but eight subjects were excluded, because blockade 
exceeded the duration of surgery. In this case, the 
median (132 min) is probably a better reflection of 
reality. 

The reversal of the first twitch after neostigmine 
administered at 25% T1 recovery (EDs, 13.2 and EDgo 
46.4 g/kg in the young vs 10.9 and 27.8 g/kg in the 
elderly) was similar to that achieved in a previous 
study (9) in adults when neostigmine was given at 
90% blockade induced with pancuronium (EDs 
13 pg/kg, EDg 45 ug/kg) or d-tubocurarine (EDs 
17 pg/kg, EDs 45 we/kg). Because the effect of neo- 
stigmine is heavily dependent on the extent of spon- 
taneous recovery, reversal agents might not be as 
effective with doxacurium as with other long-acting 
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agents. This problem should be addressed in a study 
comparing doxacurium with a longer acting neuro- 
muscular blocking drug. Although smaller doses of 
neostigmine were required to achieve each stage of 
recovery of both T1 and TOF in the elderly patients, 
the differences could be biased. The values for EDs, 
ED, and EDs for neostigmine were obtained from 
only 11 elderly patients compared with 18 younger 
patients, because the remainder of the patients had 
blockade of longer duration than the surgical proce- 
dure. Hence, the elderly patients who were given 
neostigmine at 25% T1 recovery tended to be those 
with the fastest spontaneous recovery; in other 
words, those in whom neostigmine would be ex- 
pected to be most effective. 

In conclusion, doxacurium is a potent muscle re- 
laxant in both young and elderly patient groups. The 
doses need not be adjusted to obtain the same degree 
of muscle relaxation in the elderly, but prolonged 
duration of paralysis can be expected. Reversal of the 
residual blockade with neostigmine in relatively large 
doses of 0.06 mg/kg may take longer than 10 min and 
may be incomplete. 
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Nimodipine Reduces the Toxicity of Intravenous 
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We examined nimodipine modification of bupiv- 
acaine toxicity in anesthetized male rats. Three min- 
utes after pretreatment, group 1 (n = 11), group 3 
(n = 10), and their respective control groups (n = 11 
and n = 9) received intravenous bupivacaine LDsy 
(median lethal dose). After pretreatment, group 2 
(n = 10), group 4 (n = 8), and their respective control 
groups (n = 10 and n = 8) received intravenous 
bupivacaine LD (90% lethal dose). Pretreatment 
was 200 ug/kg intravenous nimodipine in groups 1 
and 2 and 500 ug/kg in groups 3 and 4. Control 
animals were pretreated with intravenous saline so- 
lution. Data were analyzed by y*-analysis and analy- 


popular because of its excellent anesthetic 
properties—high potency, dense sensory and 
motor blockade, and long duration of action. How- 
ever, bupivacaine is probably more cardiotoxic than 
any other local anesthetic in use today (1-3). 
Calcium channel blocking agents (CCBs) are effec- 
tive in the management of angina pectoris, high 
blood pressure, and cardiac arrhythmia. Bupivacaine 
inhibits both fast sodium-dependent channels and 
slow calcium-dependent channels (3,4). Many pa- 
tients undergoing surgery with bupivacaine regional 
anesthesia will receive perioperative CCBs. Thus, 
there is considerable potential for drug interactions 
between these drugs. Drug interactions are probably 
more common than is usually appreciated. These 
may be harmful, if not recognized early, or beneficial, 
if utilized to increase a desired effect (5). Bupivacaine 
may be more cardiotoxic in the presence of CCBs (6); 
however, this issue is unresolved, as other studies 


Brea an amide-type local anesthetic, is 
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sis of variance. Survival increased after 200 yug/kg 
nimodipine (P < 0.05). In group 1, 9 (81%) of 11 
survived compared with control animals (4 [36%] of 
11). In group 2, 8 (80%) of 10 survived compared with 
control animals (2 [20%] of 10). Survival was not 
increased after 500-ug/kg nimodipine pretreatment. 
In group 3, 2 (22%) of 9 survived compared with 
control animals (4 [40%] of 10). In group 4, 4 (50%) of 
8 survived compared with control animals (2 [25%] of 
8). We conclude that nimodipine pretreatment with 
200 g protects against fatal toxicity from LD; and 
LDog bupivacaine, but 500 ug/kg does not. 

(Anesth Analg 1992;74:851-5) 


suggest that some CCBs may reduce bupivacaine 
toxicity (7-10). 

Nimodipine, a dihydropyridine CCB structurally 
related to nifedipine and nicardipine (11), has brain- 
protective effects after a variety of insults. Milde et al. 
(12) demonstrated an improved neurologic outcome 
after global brain ischemia in dogs receiving nimo- 
dipine. Allen et al. (13) showed improved neurologic 
outcomes in patients receiving nimodipine after sub- 
arachnoid hemorrhage. Other investigators (14,15) 
confirm those data, but the exact mechanism for 
improvement is unknown. 

Nifedipine and nicardipine have their most pro- 
found effects peripherally. Although nimodipine is 
structurally related, it manifests its brain effects at 
doses lower than those that alter peripheral hemody- 
namics. Nicardipine has a profound protective effect 
against bupivacaine toxicity (16), whereas nifedipine 
does not (8). Thus, not all CCBs, even those within 
the same chemical family, are protective. Cardiac and 
other peripheral effects of nimodipine are not well 
known. 

The purpose of the present study was to investi- 
gate the peripheral effects of nimodipine pretreat- 
ment on bupivacaine-induced cardiorespiratory tox- 


icity. 
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Table 1. Study Group Demographics 


Weight Pentobarbital 

Group (g) (mg/kg) 
1 (n = 11) 275 Ell 58 + 19 
Control (n = 11) 277 + 17 63 + 23 
2 (n = 10) 284 + 12 68 + 26 
Control (n = 10) 276 + 16 50 1 
3 (n = 10) 280 +7 60 + 21 
Control (n = 9) 279 +0 67 + 25 
4 (n = 8) 275 +9 63 + 23 
Control (n = 8) 278 + 8 76 + 27 
Methods 


The Animal Care Committee approved all study 
procedures, which we have previously used to study 
the effect of other CCBs on bupivacaine toxicity 
(7-10,16). Male Sprague-Dawley rats were divided 
into four study and four control groups. They were 
anesthetized with 50 mg/kg of intraperitoneal pento- 
barbital. At least 5 min elapsed before testing anes- 
thetic depth by pinching the skin with forceps. Ani- 
mals received additional pentobarbital as needed. We 
monitored the lead II electrocardiogram. Precordial 
pulsations and ventilatory effort were observed 
through a lighted magnifying lens. The femoral vein 
was exposed and cannulated with a 24-gauge Teflon 
catheter. All rats received 0.5 mL of intravenous 
normal saline solution at this point. 

Preliminary dose-response testing was carried out 
on 6-10 rats for each dosage. This testing showed that 
nimodipine 600 ug/kg was approximately the 90% 
lethal dose (LD3), 300 g/kg was fatal in <10%, and 
500 pg/kg was intermediate in toxicity. Based on 
these results, we pretreated groups 1 and 2 with 
200 pg/kg and groups 3 and 4 with 500 ug/kg intra- 
venous nimodipine. These doses were chosen to 
determine whether any protection found with nimo- 
dipine was dose limited. 

Groups 1 and 2 were studied by using a different 
rat batch on a different day from groups 3 and 4. 
Experience has shown that bupivacaine median lethal 
dose (LDs,) and LDgg may change between batches of 
rats. Therefore, initial bupivacaine toxicity testing on 
6-10 rats for each dosage was required each morning 
before starting the actual study. Bupivacaine LDso 
and LDoy were 4.25 and 4.625 mg/kg, respectively, for 
groups 1 and 2 and 4.5 and 4.75 mg/kg, respectively, 
for groups 3 and 4. 

Animals received pretreatment with either nimo- 
dipine or placebo. Placebo was a saline solution in 
volumes equal to that received by the nimodipine 
groups. Three minutes after pretreatment, rats re- 
ceived the bupivacaine bolus injection. 

Five minutes after bupivacaine injection, rats were 
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Intravenous fluids Nimodipine Bupivacaine 
(mL/kg) (ug/kg) (mg/kg) 

3.7 + 0.07 0 4.23 + 0.05 

3.7 + 0.11 202 + 5 4.24 + 0.05 

3.7 + 0.08 201 + 2 4.61 + 0.05 

3.7 + 0.1 0 4.62 + 0.07 

5.2 + 0.05 0 4.5 + 0.06 

5.2 + 0.04 499 + 1.7 4.5 + 0.05 
5.3 + 0.05 500 + 0.6 4.9 + 0.2 
5.3 + 0.05 0 4.9 + 0.1 


classified as fatalities or survivors. Survivors were 
rats maintaining ventilatory effort, heart rate, precor- 
dial pulse, and no cyanosis. Fatalities were rats 
developing terminal apnea, cyanosis, and agonal 
arrhythmias or asystole. 

Animals were studied between 9 AM and 12 noon. 
Experience suggests a diurnal change in bupivacaine 
sensitivity. Rats were neither ventilated nor oxygen- . 
ated. Surviving animals were killed at the end of the 
experiment. 

Demographic data (e.g., weight, pentobarbital 
dose, nimodipine dose, bupivacaine dose) were com- 
pared by using analysis of variance. Outcome in each 
group was compared with control groups using y- 
analysis with the Yates’ correction. Differences were 
significant at P < 0.05. 


Results 


Eighty-four rats in all were studied. Three rats were 
discarded from groups 1 and 2 because of drug 
extravasation. Four rats were discarded from groups 
3 and 4 because of femoral sheath hematoma (one 
animal) or death after nimodipine pretreatment 
(three animals). Four additional animals in groups 3 
and 4 (two in each group) had brief, transient apnea. 

There were no significant differences in weight, 
pentobarbital doses, or fluid administered among rats 
(Table 1). Outcome data are summarized in Figures 1 
and 2. Survival increased significantly (P < 0.05) in 
groups 1 and 2 compared with their respective con- 
trol groups. In contrast, groups 3 and 4 did not 
exhibit improved survival compared with control 
groups. 

Control rats that died developed apnea within a 
few seconds after receiving bupivacaine. One control 
animal briefly resumed breathing before death, al- 
though most did not. 

Rats that died developed prompt apnea within 
10-15 s and fatal arrhythmia or electromechanical 
dissociation. Some survivors in all groups had brief 
apnea, although many survived without any respira- 
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Figure 1. The effect of pretreatment with 200 g/kg nimodipine or 
placebo on toxicity caused by LD. (group 1) and LD% (group 2) 


bupivacaine. *P < 0.05. 
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Figure 2. The effect of pretreatment with 500 g nimodipine or 
lacebo on toxicity caused by LD» (group 3) and LD% (group 4) 
upivacaine. 


Group 4 


tory changes. This study does not demonstrate 
whether apnea was due to direct central nervous 
system toxicity or to cardiac toxicity with reduced 
brain blood flow. 

Arrhythmias occasionally occurred in survivors, 
although most animals had none. Cardiac arrhyth- 
mias included bradycardia with a wide QRS or 2:1 
atrioventricular block and sinus tachycardia with ei- 
ther a wide or narrow QRS. Some rats that died had 
asystole, but more had electromechanical dissocia- 
tion. Premature ventricular beats did not occur. 


Discussion 


Intravascular bupivacaine is probably the most toxic 
of all local anesthetics. The United States Food and 
Drug Administration withdrew approval of 0.75% 
bupivacaine for use in obstetric anesthesia in 1984, 
owing to reports of cardiac arrest with this concen- 
tration (17). In lower concentrations (=0.5%), bupiv- 
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acaine remains useful for epidural (18), spinal (19), 
and other major regional blockade. It is not recom- 
mended for intravenous regional anesthesia (17). 

Bupivacaine is similar to lidocaine in its central 
nervous system toxicity (20); however, its tendency 
for cardiac toxicity is greater (20,21). Bupivacaine 
causes more arrhythmias than lidocaine in the intact 
animal (20) as well as in the isolated heart (22). The 
mechanism of bupivacaine cardiac toxicity is un- 
known. Arrhythmias from conduction blockade be- 
tween Purkinje fibers and ventricular muscle cells 
may lead to reentrant phenomena (3). This may occur 
because of enhanced bupivacaine blockade of inacti- 
vated sodium channels (23). Bupivacaine inhibition of 
slow channels augments sodium (fast channel) chan- 
nel blockade (3). Blockade is “fast in-slow out” (3,23) 
and may explain the difficulty in reversing toxicity in 
cardiac arrest caused by bupivacaine (1). 

Calcium channel blockers vary in their protection 
against bupivacaine toxicity. Rosenblatt et al. (6) 
reported augmented bupivacaine toxicity by vera- 
pamil (1.5 mg/kg). We presented (7,10) conflicting 
evidence that verapamil does protect against toxicity 
induced by bupivacaine. We used one-tenth the 
verapamil dose used by Rosenblatt et al. and found 
this dose to be safe in control groups. The verapamil 
dose is the most likely explanation for differences 
between the studies. Toxicity was reversed by Rosen- 
blatt et al. by calcium pretreatment. Unfortunately, 
they did not use control groups in their study. 
Diltiazem, which is similar in function to verapamil, 
also blocks atrioventricular node conduction and pro- 
tects against bupivacaine-induced toxicity (9). 

Nifedipine, on the other hand, did not protect 
against bupivacaine-induced toxicity (8). The reasons 
for this are unclear but may be because of reduced 
cardiac effects of dihydropyridines (11). Based on 
nifedipine data, one might incorrectly predict that 
other dihydropyridines would not be protective. This 
would be incorrect, as nicardipine is the most potent 
CCB in this regard (16). 

Nimodipine, also a dihydropyridine derivative, is 
most frequently used in the prevention of neurologic 
injury after subarachnoid hemorrhage (13,14,24,25), 
experimental: ischemia (12,26,27), head injury (27), 
and stroke (28,29). Like other dihydropyridines, it is 
a potent vasodilator (11,30); however, unlike other 
dihydropyridines, nimodipine affects brain blood 
vessels at lower concentrations than peripheral ves- 
sels (31,32). It may prevent brain ischemia by vaso- 
dilation mediated by blocking extracellular calcium 
influx (33,34). It may also protect neurons by calcium- 
related intracellular mechanisms (35), similar to those 
found with nifedipine and verapamil in cardiac mus- 
cle (36). 

Although most nimodipine effects are neural, it is 
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not devoid of peripheral effects, particularly at higher 
doses (30,32). Systemic hypotension and vasodilation 
occur, perhaps owing to calcium channel blockade 
(30) or inhibition of calmodulin-sensitive and -insen- 
sitive phosphodiesterase (37). Hypotension is not 
mediated by a-adrenergic blockade (38). 

Cardiac effects of nimodipine are not well delin- 
eated; however, cardiac effects of other CCBs may 
give some insight as to possible protective mecha- 
nisms. Some CCBs antagonize arrhythmic effects by 
slow-channel (11), fast-channel (39), or B-receptor 
blockade (40). Others block calcitum-dependent intra- 
cellular heart functions (36); still others block seroto- 
nin and histamine receptors (38). It is unclear 
whether any of these actions occur with nimodipine 
or whether they are unique to the particular drug. 
Central nervous system-mediated protection from 
cardiac toxicity is possible, but is again unproved. It is 
possible that some still undiscovered nimodipine 
effect is responsible for the protection. In any case, 
further study is necessary to determine whether 
some, all, or none of these effects explain the protec- 
tive effects of nimodipine. 

Excluding nifedipine, nimodipine is the least 
potent CCB studied thus far. Verapamil (150 ug/kg) 
and diltiazem (150 pg/kg) protect against LDsg-LDo9 
bupivacaine doses. Nicardipine was protective in 
doses of 30 ue/kg, approximately one-seventh the 
200-ug/kg dose in this study. This study does not 
determine whether smaller nimodipine doses would 
be as effective; 200 uweg/kg was chosen because it was 
slightly less than the safe dose in toxicity evaluations 
performed at the beginning of the study. 

Why was 500 ug/kg nimodipine not protective? 
The explanation for this is probably the same as that 
for the Rosenblatt et al. study with verapamil; 
i.e., CCB toxicity superimposed on bupivacaine tox- 
icity. Nimodipine in higher doses may cause other 
effects such as cardiac effects or hypotension. Cardiac 
conduction effects are unlikely, as there were no elec- 
trocardiographic changes after nimodipine adminis- 
tration. Hypotension, however, is possible, as nimo- 
dipine is known to cause prolonged and profound 
hypotension for 6 h after a 9-mg/kg oral dose in rats 
(30). We did not measure arterial blood pressure in 
this study, so we cannot confirm hypotension as a 
cause of toxicity. Finally, there may be some still 
unrecognized toxic effect of nimodipine. 

In conclusion, nimodipine (200 pg/kg) protects 
against toxicity from LDs 9 and LDgy doses of bupiv- 
acaine. Nimodipine (500 pg/kg) did not protect 
against similar bupivacaine doses. Further studies are 
necessary to determine the mechanism of this protec- 
tion and the reason for the difference in outcome 
between the two nimodipine doses. 
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segmental Analgesic Effect and Reduction of Halothane 
MAC From Epidural Fentanyl in Humans 


Yoshimi Inagaki, MD, Takashi Mashimo, MD, and Ikuto Yoshiya, MD 
Department of Anesthesiology, Osaka University Medical School, Osaka, Japan 


To clarify the site of action of epidural fentanyl, we 
compared the effects of epidural and intravenous 
fentanyl on the change in pressure pain threshold 
(PPT) and the minimum alveolar concentration 
(MAC) of halothane. Seventy patients who under- 
went gastrectomy in the PPT study group and 84 
female patients who underwent hysterectomy in the 
MAC study group were assigned randomly to seven 
groups in each study. The seven groups each re- 
ceived a bolus injection of 1, 2, or 4 ug/kg of fentanyl, 
either intravenously or epidurally, and of saline so- 
lution epidurally. Compared with intravenous fenta- 


Me previous studies have shown that epi- 
dural fentanyl has excellent analgesic effects 
in postoperative pain relief and during la- 
bor. These effects were ascribed to the segmental 
hypalgesia that occurs as the result of the spinal 
analgesic action of epidural fentanyl (1-6). Another 
study demonstrated systemic absorption as a major 
mechanism of action of lumbar epidural fentanyl (7). 
Thus, it is not clear whether the excellent analgesia 
produced by epidural fentanyl arises predominantly 
as a result of its spinal analgesic action after penetra- 
tion across the dura mater or its supraspinal analgesic 
action after systemic absorption, or both. Further- 
more, evaluations of analgesia produced by epidural 
fentanyl in previous studies were mainly performed 
with the visual analogue scale (VAS) (7-9). This 
method depends on subjective and systemic pain 
levels and is thus unsuitable for evaluating the re- 
gional analgesia derived from the spinal analgesic 
action of epidural fentanyl. As a result, we were 
prompted to perform more objective evaluations. 
We therefore designed a randomized and prospec- 
tive study to clarify the site of action of epidural 
fentanyl by evaluating its analgesic and anesthetic 
potency. The evaluation was performed in terms of 
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nyl, epidural fentanyl significantly increased (P < 
0.01) PPT around surgical incisions by approximately 
50%, 100%, and 150% of preadministration levels 1 h 
after administration of 1, 2, and 4 g/kg, respectively, 
and significantly reduced (P < 0.05) halothane MAC 
at the same doses. These data suggest that the more 
potent analgesic and anesthetic effects of epidural 
fentanyl, compared with intravenous fentanyl, are 
due mainly to the segmental analgesia produced by 
its spinal analgesic action. 

(Anesth Analg 1992;74:85664) 


changes in the pressure pain threshold (PPT), mea- 
sured with a coiled pressure algesimeter, and by 
measuring the reduction of the minimum alveolar 
concentration (MAC) of halothane in comparison 
with the bolus intravenous administration of fenta- 
nyl. 


Methods 


We obtained institutional approval and informed, 
written consent from each patient before beginning 
this study. We explained the measurement of pain 
threshold in particular to patients to their satisfaction 
before obtaining their consent. 


Pressure Pain Threshold Studies 


Seventy patients, ASA physical status I or II, aged 
26-65 yr, and weighing 43-75 kg, who were sched- 
uled for gastrectomy to be performed by the same 
surgical team were the subjects of this study. Patients 
who had a history of motor and sensory nerve 
disturbances, alcohol and drug abuse, diabetes mel- 
litus, or who had ever undergone previous abdomi- 
nal surgery were excluded. On the day before sur- 
gery, an epidural catheter was inserted at the T9-10 
interspace, and 7 cm of the catheter remained within 
the epidural space. Two milliliters of 1% lidocaine 
with epinephrine 1:200,000 was administered 
through the catheter to rule out intravascular or 
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subarachnoid injection. Twenty minutes after the test 
dose administration, 8 mL of 1% lidocaine was ad- 
ministered epidurally, and segmental analgesia from 
nipple to groin was confirmed by a pinprick method. 

All patients received 0.5 mg of atropine sulfate and 
25 mg of hydroxyzine intramuscularly 1 h before 
induction of anesthetia. Standard monitoring was 
performed. The right radial artery was cannulated 
under local anesthesia for measurement of the direct 
arterial blood pressure and blood sampling, and an 
intravenous catheter was inserted on the dorsum of 
the left hand. Lactated Ringer’s solution was infused 
at a rate of 10 mL-kg '-h '. Anesthesia was induced 
with 5 mg/kg of thiamylal, and the trachea was 
intubated after intravenous administration of 
0.1 mg/kg of vecuronium. Anesthesia was main- 
tained with 1%-2% enflurane and 50%-67% nitrous 
oxide in oxygen. Vecuronium bromide (30-40 pg/kg) 
was administered as necessary to obtain good muscle 
relaxation. No adjuvant drugs, including epidural 
local anesthetics, were administered during anesthe- 
sia. The tracheas of all patients were extubated in the 
operating room, and patients were then transported 
to the recovery room. 

In the recovery room, electrocardiograms, oscillo- 
metric blood pressure, and Spo, were monitored 
while patients breathed pure oxygen (3 L/min) 
through a face mask. The patients were randomly 
assigned to one of seven groups at this time: epidural 
administration of 1, 2, or 4 wg/kg of fentanyl diluted 
to 10 mL with preservative-free normal saline solu- 
tion (groups FE1, FE2, and FE4, respectively); epidu- 
ral administration of 10 mL of preservative-free nor- 
mal saline alone (group NS); or intravenous 
administration of 1, 2, or 4 wg/kg of fentanyl diluted 
to 10 mL with preservative-free normal saline (groups 
FI1, FI2, and FI4, respectively). 

An independent anesthesiologist prepared the 
study drug at room temperature (23-25°C) and in- 
jected it epidurally or intravenously over 1 min when 
the patient first complained of pain in the recovery 
room. The patient was observed by one of the au- 
thors, who remained unaware of the identity of the 
study drug and the administration route and who 
measured the PPT to determine the time of onset and 
duration of analgesia produced by the study drug 
and whether it had any adverse effects. Blood sam- 
ples for arterial blood gas analysis were collected 
before PPT measurement and again as necessary 
when respiratory depression occurred. 

The time of onset of analgesia was defined as the 
time from administration to the time when the pa- 
tient felt reduction of pain; if there was no reduction 
of pain, no times were noted. Analgesic duration was 
defined as the time from onset of analgesia to the 
time when PPT measurement was discontinued. 
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Pressure pain threshold measurements using a 
coiled pressure algesimeter with a 5-mm-diameter 
disk (Kyoto Pain Institute model-7) were made before 
insertion of the epidural catheter (control value 1, 
CV1), at the time of administration of the study drug 
(control value 2, CV2), at 1, 2, 3, and 4 h after 
administration of the study drug, and when the 
patient first complained of pain after the study drug 
had been administered. The measurements were 
made by one of the authors, who remained unaware 
of the identity of the study drug. The points at which 
PPT was measured were the forehead (V), xyphoid 
(A), bilateral outer margins of the rectus abdominis 
muscle midway from the xyphoid to the navel (B, C), 
and 5 cm below the navel on the linea alba (D). The 
PPT was measured once at each point in the follow- 
ing order: V, A, B, C, and D, and was defined as the 
value when the stimulus-induced sensation of “pres- 
sure” changed to one of “pain.” The usual stimulus 
was a force against the skin that was increased at a 
constant rate. Change in PPT after administration of 
the study drug was expressed as a percentage of CV2 
at each point of measurement. Measurement of PPT 
was discontinued when the patient first complained 
of pain and requested analgesia after the study drug 
had been administered. 

In addition, before the PPT measurements were 
performed, subjective pain levels were estimated 
with VAS, which was graded from 0 (no pain at all) to 
10 (the most intense pain imaginable) in 100 mm. Any 
adverse effects, specifically nausea, vomiting, drows- 
iness, pruritus, respiratory depression consisting of a 
reduction of breath rate (f) to <8 breaths/min, or 
hypoventilation (Paco, > 50 mm Hg) were noted. 


Reduction of Minimum Alveolar 
Concentration Studies 


Eighty-four female patients, ASA physical status I, 
aged 22-50 yr, weighing 40-65 kg, who were sched- 
uled for simple or radical hysterectomy were the 
subjects of this study. On the day before surgery, all 
patients underwent epidural catheterization; the 
techniques and drugs used were identical to those 
described in the PPT study. An epidural catheter, 
however, was inserted at the L1-2 interspace. 

None of the patients received preoperative medi- 
cation, and standard monitoring was performed. An 
intravenous catheter was inserted on the dorsum of 
the left hand. Lactated Ringer’s solution was infused 
at a rate of 10 mL-kg '-min™’ while the patient 
breathed pure oxygen through a face mask. The 
patients were then randomly assigned to one of 
seven groups before anesthetic induction. Group A 
received 10 mL of preservative-free normal saline 
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Table 1. Clinical Profile of 70 Patients in the Pressure Pain Threshold Study 
Epidural administration Intravenous administration 
Normal saline Fentanyl Fentanyl Fentanyl Fentanyl Fentanyl Fentanyl 
solution (1 ug/kg) (2 ng/kg) (4 ng/kg) (1 pg/kg) (2 mg/kg) (4 ug/kg) 
n (M/F) 8 (7/1) 10 (8/2) 10 (7/3) 10 (9/1) 10 (9/1) 10 (7/3) 10 (8/2) 
Age (yr) 51 + 11 51 + 14 50 + 13 53 + 10 54 + 10 51 + 8 55+9 
Weight (kg) 56.3 + 8.8 58.0 + 6.1 53.3 + 11.8 58.6 + 6.2 59.5: 7.5 56.9 + 6.2 55.9 + 8.8 
Height (cm) 161.6 + 6.4 159.8+6.6 159.0 + 8.1 164.2 + 9.1 163.0 + 5.0 158.9 + 7.4 161.6 + 8.7 
Operation time (min) 286 + 57 266 + 62 294 + 47 308 + 58 274 + 49 288 + 55 277 + 48 
Anesthesia time (min) 332 Ł 75 330 + 73 349 + 60 358 + 63 328 + 45 357 + 72 339 + 49 


M, male; F, female. 
Values are expressed as mean values + sp. 


solution through the epidural catheter, and groups 
B, C, and D received 1, 2, and 4 ug/kg, respectively, 


parametric data were assessed by the Kruskal-Wallis 
or Mann-Whitney test and by the y’-test. A P value < 


of fentanyl, diluted to 10 mL with preservative-free 0.05 was considered significant. 
normal saline solution, through the epidural catheter. 

Groups E, F, and G received intravenous injections of 

1, 2, and 4 g/kg, respectively, of fentanyl, diluted to Results 


10 mL with preservative-free normal saline solution. 
The study drug was infused over 1 min. 

After injection of the prescribed dose of the study 
drug, the patient inhaled halothane to attain a.suffi- 
cient depth of anesthesia, and the trachea was intu- 
bated, with no adjuvant drugs. After intubation, the 
end-tidal halothane concentration was rapidly ad- 
justed to a predetermined level by the Dixon ap- 
proach (10) and maintained at this concentration for 
at least 15 min. End-tidal halothane concentration 
and Perco, were continuously monitored with a 
mass spectrometer and capnograph. The mass spec- 
trometer and capnograph were calibrated with each 
standard gas before measurement. The lungs were 
mechanically ventilated to maintain PErco, between 
30 and 40 mm Hg. The patient was then observed for 
movement or lack of movement on surgical incision. 
This observation was performed by an independent 
anesthesiologist who was unaware of the identity of 
the study drug and the administration route. After 
observation, adjuvant drugs were administered for 
muscle relaxation with or without movement. 

The MAC was calculated with the Dixon up-and- 
down approach (10): if movement occurred in re- 
sponse to surgical incision at a certain end-tidal 
halothane concentration, the end-tidal halothane 
concentration was increased by 20% from that con- 
centration for the next patient; if no movement oc- 
curred, the end-tidal concentration was decreased by 
20%. 


Statistical Analysis 


Parametric data were analyzed by one-way analysis 
of variance and assessed by Student’s t-test. Non- 


Pressure Pain Threshold Studies 


There were no significant differences among the 
seven groups in demographic characteristics (i.e., 
age, weight, and height or operation and anesthesia 
times) (Table 1). In addition, there were no significant 
differences in terms of blood pressure, pulse rate, and 
Spo, in the recovery room among or within groups at 
any time. Two patients in the NS group were ex- 
cluded as a result of having received other analgesics 
before the epidural injection. 

Onset times in the intravenous fentanyl groups 
were significantly (P < 0.01) faster than those in the 
epidural fentanyl groups (Table 2). Analgesic dura- 
tion in groups FI1 and FI2 was significantly shorter 
(P < 0.01) than in the epidural fentanyl groups (Table 
2). There was no significant difference in analgesic 
duration between groups FE1 and FI4, but analgesic 
duration in groups FE2 and FE4 was significantly 
longer (P < 0.05 and P < 0.01, respectively) than that 
in group FI4. Analgesic duration in group NS was not 
noted, as this group had no analgesic onset. 

There were similar percentage reductions of PPT 
from CV1 to CV2 among the groups at corresponding 
points. Approximately 15% and 30% reductions at 
mean values, respectively, in PPT at forehead and 
xyphoid were significantly less (P < 0.025) than 
those, approximately 50% reductions at mean values, 
in PPT at other points within the groups. The VAS 
values, varying from 9.6 to 9.8 cm at mean values at 
the time of administration of the study drug, were 
also similar among the groups. 

Time-courses of changes in PPT after intravenous 
or epidural fentanyl administration and changes in 
VAS are shown in Figures 1-3. At the same dose, 
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Table 2. Onset Time and Duration of Analgesia 


Onset time Duration 
Study group (min) (min) 
NS — 
FE1 10 +1 130 + 72° 
FE2 10 + 164 + 30°"< 
FE4 10 +2 239 + 76>4¢f 
FIL 5+7” 44 + 12 
FI2 4+1* 63 + 8F 
FI4 4+ 1‘ 125 + 378+ 


NS, normal saline solution; FEL, epidural fentanyl (1 ug/kg); FE2, 
epidural fentanyl (2 ng/kg); FE4, epidural fentanyl (4 ug/kg); FI1, Intrave- 
nous soph (1 ng/kg); FIZ, intravenous fentanyl (2 ug/kg); FI, intravenous 
fentanyl (4 pg/kg). 

Values are expressed as mean values + sp. 

‘P < 0.01, different from groups FE1, FE2, and FE4. 

+P < 0.01, significantly different from groups FI1 and FR. 

€P < 0.05, significantly different from group FI4. 

“P < 0.01, significantly different from group FI4. 

‘P < 0.01, significantly different from group FEL. 

IP < 0.01, significantly different from group FE2. 

£P < 0.01, significantly different from group FII. 

kp < 0.01, significantly different from group FI2. 
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Figure 1. Changes in percent increase of PPT and VAS after 
administration of 1 ug/kg of intravenous (IV) and epidural (EP) 
fentanyl. Values are expressed as mean values + sp. *P < 0.01, 
significantly different from intravenous fentanyl. P, time after 

istration of the study drug when the patient first complained 
of pain and requested analgesia; CV2, control value 2, time of 
administration of the study drug; A, B, C, D, and V are points at 
which PPT was measured (see text for explanation). 


increases in PPT were significantly greater (P < 0.01) 
in the epidural fentanyl groups than in the intrave- 
nous fentanyl groups at the four points measured, 
except for the forehead 1 h after administration. At 
the forehead, however, increases in PPT in the epi- 
dural fentanyl groups were similar to or less than 
those in the intravenous fentanyl groups. Analgesic 
action in the intravenous fentanyl groups almost 
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Figure 2. Changes in percent increase of PPT and VAS after 
administration of 2 g of intravenous (IV) and epidural (EP) 
fentanyl. Values are expressed as mean values + sp. *P < 0.01, 
significantly different from intravenous fentanyl. (See Figure 1 for 
explanation of other abbreviations.) 
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Figure 3. Changes in percent increase of PPT and VAS after 
administration of 4 ug/kg of intravenous (IV) and epidural (EP) 
fentanyl. Values are expressed as mean values + sp. *P < 0.01 and 
"p < 0.05, significantly different from intravenous fentanyl. (*)P < 
0.01 and (**) P < 0.05, significantly different from epidural 
fentanyl. (See Figure 1 for other abbreviations.) 


disappeared within 2 h after administration. The VAS 
values were also significantly less (P < 0.01) in the 
epidural fentanyl groups than in the intravenous 
fentanyl groups during analgesia, but there were no 
significant differences between VAS in the epidural 
and intravenous fentanyl groups when measured at 
the time of administration of the study drug and 
when the patient first complained of pain after the 
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Table 3. Clinical Profile of 84 Female Patients in the Halothane Minimum Alveolar Concentration Reduction Study 


Epidural administration Intravenous administration 

Normal saline Fentanyl Fentanyl Fentanyl Fentanyl Fentanyl Fentanyl 

solution (1 ugke) = (2 g/kg) (4 ueg/kg) (1 ng/kg) (2 ng/kg) (4 pg/kg) 

(n = 12) (n = 12) (n = 12) (n = 12) (n = 12) (n = 12) (n = 12) 

Age (yr) 38 + 7 38 + 8 39 +7 34+9 36 + 8 39 +7 38 + 8 
Weight (kg) 53.3 + 4.1 52559 503 26.7 52.6 + 3.3 53.6 Ł 7.1 52.0 + 6.7 52.0 + 5.5 
Height (cm) 155.7 + 4.8 155.4 + 7.2 1541455 15.6436 1552+48 1563464 1574445 

Perco, at incision (mm Hg) 33. +3 a2 6 2 3 t2 3l til Oo t2 34 +3 32 +2 
Rectal temperature (°C) 36.6 + 0.5 36.6 + 0.4 36.7 + 0.4 36.8 + 0.4 36.7 + 0.4 36.6 + 0.5 36.9 + 0.5 

Time A (min) 18 + 3 18 + 3 16 +2 16 +2 18 + 3 7&3 17 + 2 

Time B (min) 453 434 42 +4 4lt4 4344 44 +5 42 +3 


Time A, time from anesthetic induction to intratracheal intubation; Time B, time from anesthetic induction to surgical incision. 


Values are expressed as mean values + sp. 


study drug had been administered (Figures 1-3). The 
PPT in the NS group at the discontinuance of mea- 
surement remained at or less than the CV2 level. At 
that time, VAS in the NS group was 9.8 + 0.4 cm 
(mean + sp), remaining at levels slightly higher than 
or equal to those obtained before administration of 
the study drug. The PPT in the epidural and intrave- 
nous fentanyl groups also remained at or less than 
the CV2 level when the patient first complained of 
pain after the study drug had been administered. 
No adverse effect was noted in groups NS, FEI, 
FE2, and FI1. Respiratory depression (f < 8/min and 
Paco, > 50 mm Hg) and drowsiness were noted in 
10% of group FI2. The incidence of respiratory de- 
pression and drowsiness was significantly more fre- 
quent (70%-80%) in group FI4 than in any other 
group. Pruritus, nausea, and drowsiness occurred in 
the oldest patient (10%) in group FE4 but was not 


significant. 


Reduction of Minimum Alveolar 
Concentration Studies 


There were no significant differences among the 
seven groups in demographic data (i.e., in age, 
weight, or height) or in Petco, at surgical incision or 
in rectal temperature (Table 3). There were also no 
significant differences in the time from induction of 
anesthesia to endotracheal intubation and the time 
from induction of anesthesia to surgical incision. 
Halothane MAC in the epidural fentanyl groups 
was 0.77%, 0.42%, 0.32%, and 0.22%, respectively, in 
groups A, B, C, and D. Halothane MAC in the 
intravenous fentanyl groups was 0.71%, 0.46%, and 
0.39%, respectively, in groups E, F, and G. Halothane 
MAC was reduced in a dose-related fashion in both 
epidural and intravenous fentanyl groups. At the 
same dose, halothane MAC reduction in the epidural 


fentanyl group was significantly greater than that in 
the intravenous fentanyl group (Figure 4). 


Discussion 


As a method for pain threshold measurement, PPT 
has been used to evaluate the effects of anesthetic 
drugs on pain thresholds (11-15) and to obtain dif- 
ferential diagnoses of myogenic pain (16,17); PPT also 
has high reproducibility and reliability (18). The 
coiled pressure algesimeter used in this study is well 
suited for postoperative pain assessment, because it 
can quantify the combined nociceptive stimuli re- 
ceived through AB-, A6é-, and C-fibers, which consti- 
tute postoperative abdominal pain. 

We regarded PPT at points A, B, C, and D (in other 
words, the points around the surgical incision) as 
indices that represented the regional analgesia pro- 
duced by the spinal analgesic action of epidural or 
intravenous fentanyl. We regarded PPT at the fore- 
head (V) as an index of the systemic analgesia pro- 
duced by supraspinal analgesic action. Percent in- 
creases of PPT, which represented objective pain 
level, were obviously and significantly greater in the 
epidural fentanyl groups than in the intravenous 
fentanyl groups at the same dose at the points around 
the surgical incision; the percent increases of PPT at 
the forehead (V) in the epidural fentanyl groups were 
similar to or less than those in the intraverious 
fentanyl groups. Analgesic duration and VAS, which 
represented subjective pain level, were also signifi- 
cantly longer and lower, respectively, in the epidural 
group than in the intravenous fentanyl group at the 
same dose. These data indicate that the more potent 
analgesia produced by bolus epidural fentanyl than 
by bolus intravenous fentanyl is a result of the 
regional analgesia that is produced by the spinal 
analgesic action of epidural fentanyl. The data dem- 
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Figure 4. (Left) Individual patient responses to surgical incision in the epidural fentanyl groups. The vertical axis represents end-tidal 
halothane concentration at the time of surgical incision. A leftward deflection (+) represents movement (M) and a rightward deflection (+) 
represents no movement (NM), in response to surgical incision. A thick line indicates calculated MAC value. A, group A received normal 
saline solution epidurally; B-D, groups B-D received 1, 2, and 4 ug/kg epidural fentanyl, respectively. (Right) Relationship between 
halothane MAC and fentanyl! dose administered either intravenously (@) or epidurally (O). Epidural fentanyl reduced halothane MAC 
significantly compared with intravenous fentanyl at the same dose. *P < 0.01 and **P < 0.05, significantly different from intravenous 


fentanyl. 


onstrate this spinal analgesic action produced by 
epidural fentanyl and its large participation in post- 
operative pain relief. The findings that PPT at the 
forehead in the epidural fentanyl groups had similar 
or lesser increases (but obvious increases from the 
CV2 level) compared with the intravenous groups, 
and that PPT at the forehead in the epidural saline 
solution group showed no change from the CV2 
level, suggest that epidural fentanyl produced sys- 
temic analgesia as a result of its supraspinal analgesic 
action through the systemic circulation or the cere- 
brospinal fluid, or both. 

The analgesic potency of epidural fentanyl, based 
on its spinal analgesic action, was beyond our expec- 
tations and tended to increase in a dose-related 
fashion at points B, C, and D 1 h after administration 
(Figure 5). Especially notable was that 2 and 4 yug/ke 
of epidural fentanyl increased PPT at those points by 
approximately 100% and 150%, respectively, from the 
CV2 level 1 h after administration. Thus, PPT at 1 h 
after administration reached the CV1 level or above, 
that is, preoperative PPT levels in light of the percent 
reductions from CV1 to CV2. Epidural fentanyl pro- 
duced markedly strong analgesia, but this analgesic 
level was not maintained over a long period, suggest- 
ing that the bolus administration of epidural fentanyl 
for long-term postoperative pain relief has limita- 


tions. Changes in PPT as an objective index coincided 
well with changes in VAS as a subjective and sys- 
temic index in both fentanyl groups, as seen in 
Figures 1-3. This finding indicates that the regional 
analgesia is due mainly to the markedly strong anal- 
gesia produced by epidural fentanyl and that epidu- 
ral fentanyl produces little systemic analgesia. 
Epidural fentanyl markedly reduced halothane 
MAC in a dose-related fashion, reductions due to 4, 
2, and 1 yg/kg of epidural fentanyl being 71%, 58%, 
and 45%, respectively. Intravenous fentanyl also re- 
duced halothane MAC, reductions due to 4, 2, and 
1 ug/kg of intravenous fentanyl being 49%, 39%, and 
7%, respectively. Our halothane MAC was previ- 
ously determined to be 0.76% (19) and each percent 
reduction was calculated from 0.76%. There have 
been no previous reports on the reduction of the 
MAC of halothane or any other inhaled anesthetics 
due to epidural or intravenous fentanyl in humans. 
Reductions in halothane MAC due to epidural and 
intrathecal morphine or to intravenous pentazocine 
have been reported previously: a 40% reduction in 
halothane MAC due to 0.75 mg of intrathecal mor- 
phine (20); a 30% reduction due to 4 mg of epidural 
morphine (21); and a 28% reduction due to 0.2 mg/kg 
of intravenous pentazocine (22). At the same dose of 
fentanyl, epidural fentanyl reduced halothane MAC 
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Figure 5. Changes in percent increase of PPT and VAS after 
epidural administration of 1 (FE1), 2 (FE2), and 4 (FE4) ug/kg of 


fentanyl. At points B, C, and D, PPT increased significantly in a 
dose-related fashion 1 h after administration. There were no 
significant differences in the percent increase of PPT between the 2- 
and 4-ug/kg fentanyl groups 2 h after administration, whereas 
there were significant dose-related differences in VAS. Values are 
expressed as mean values + sp. *P < 0.01, *P < 0.025, and tP < 
0.05, significant difference. (For explanation of A, B, C, D, and V, 
refer to text.) 


to a significantly greater extent than intravenous 
fentanyl. These results indicate that the significant 
difference in MAC reduction between the epidural 
and intravenous fentanyl groups was a result of the 
regional analgesia produced by the spinal analgesic 
action of epidural fentanyl. 

Equipotent doses of intravenous and epidural fen- 
tanyl had not been determined clinically. The present 
study indicated the clinically equipotent doses of 
intravenous and epidural fentanyl for the first time, 
because there were no significant differences in anal- 
B, C, and D, and halothane MAC reduction between 
groups FE1 (1 g/kg of epidural fentanyl) and FI4 
(4 ug/kg of intravenous fentanyl) 1 h after adminis- 
tration, although VAS at that time was significantly 
lower (P < 0.01) in the FE1 group than in the FI4 
group (3.1 + 1.1 vs 4.9 + 1.5). The low incidence of 
adverse effects makes epidural fentanyl clinically 
preferable to intravenous fentariyl. 

There are thought to be three absorption routes for 
epidurally administered fentanyl: (a) absorption into 
the vein through the epidural vein plexus; (b) pene- 
tration into the cerebrospinal fluid (CSF) across the 
dura mater; and (c) absorption into epidural lipids. 
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Fentanyl absorbed into the vein from the thoracic 
epidural space is transferred mainly to the systemic 
circulation through the azygos vein and partially to 
the cerebral sinus through the basivertebral vein 
plexus. Previously published reports (3,6,23,24) for 
plasma and blood fentanyl concentrations, varying 
from no detection to 0.9 ng/mL from 5 to 180 min after 
bolus injections of epidural fentanyl, indicate the 
widely variable vascular uptake of fentanyl. These 
findings have led to debates over whether the extent 
of vascular uptake of fentanyl after epidural admin- 
istration is minimal or occurs to a great extent. 

With regard to the permeability of fentanyl across 
the dura mater, Gourlay et al. (24) reported a steep 
increase in lumbar CSF fentanyl concentration within 
10 min after the lumbar epidural administration of 
1 pg/kg of fentanyl. The mean maximal lumbar CSF 
fentanyl concentration reached 19 ng/mL, and it was 
maintained at >5 ng/mL for 20-45 min in five of their 
six patients. This fentanyl concentration in the CSF 
was maintained longer and higher than that in the 
azygos vein, as reported by Yamamoto et al. (25) (i.e., 
reaching 7.2 ng/mL 3 min after thoracic epidural 
injection of 200 ug of fentanyl diluted in 10 mL with 
normal saline solution and decreasing to 1 ng/mL 
20 min after injection). Their results suggested that 
the absorption of epidural fentanyl into the CSF 
across the dura mater may be greater than absorption 
into the vein and that elimination of fentanyl may be 
slower in the CSF than in the vein; however, the 
pharmacokinetic variables of fentanyl in the CSF are 
still unknown. These investigators simultaneously 
measured the cervical CSF concentration, reporting 
that the mean maximal concentration was 1.9 ng/mL, 
only 10% of the mean maximal lumbar CSF concen- 
tration, and that the cervical CSF concentration was 
<0.5 ng/mL for the entire CSF sampling period in 
four of their six patients. Their results clinically 
confirmed the cephalad migration of fentanyl as a 
result of passive CSF flow. 

On the other hand, plasma concentrations of fen- 
tanyl decrease rapidly below the minimal effective con- 
centration of fentanyl (1-3 ng/mL) within 5-10 min after 
bolus injection of intravenous doses of 100-200 yg 
(26,27). Using previously published fentanyl pharma- 
cokinetics, Shafer and Varvel (28) simulated plasma and 
effective site fentanyl concentrations after both a bolus 
injection and continuous infusion. They showed that 
fentanyl concentration in the effective site peaked 
3.6 min after a bolus injection at an apparent concen- 
tration that was 17% of the initial plasma concentration 
and that concentrations were reduced to 35%, 20%, and 
15% of peak effective site concentrations 30, 60, and 
120 min, respectively, after bolus injection. Further, 
they showed that the percentages of initial plasma 
concentration at 30, 60, and 120 min after bolus injec- 
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tion were approximately 5%, 3%, and 2.2%, respec- 
tively. In our study, the mean onset times of analgesia 
in the intravenous fentanyl groups coincided well with 
the times for attaining the peak effective site concentra- 
tion obtained by Shafer and Varvel (2&) above. These 
simulated data can explain the discrepancy between 
plasma fentanyl concentration and analgesic effect, in 
which analgesic effect is maintained despite a decrease 
in plasma concentration to much less than the minimal 
effective concentration of fentanyl. For example, the 
effective site concentration 30 min after intravenous 
bolus injection is reduced to 6% of initial plasma con- 
centration, whereas plasma concentration is reduced to 
3% of its initial value. The effective site concentration 
reaches twice the plasma concentration 30 min after 
injection. The analgesic effective dose does not always 
coincide with plasma concentration. 

Although plasma or CSF fentanyl concentration 
was not determined in this study, the minimal effec- 
tive concentration of fentanyl was speculated to be 
<1 ng/mL, according to previous reports. The 
amount of epidural fentanyl reaching the central 
nervous system (CNS) through the systemic circula- 
tion is less than that of intravenous fentanyl at the 
same dose, although the amount of fentanyl that 
reaches the CNS through the systemic circulation and 
cephalad migration by passive CSF flow has not been 
determined. In this study, the finding that the per- 
cent increases in PPT at the forehead in the epidural 
fentanyl group were similar to or less than those in 
the intravenous group at the same dose and the 
finding that the percent increases in PPT at the 
forehead in the epidural fentanyl groups were similar 
1 and 2 h after administration suggest that the 
amount of fentanyl that reached the CNS in the 
epidural group was the same as or less than that in 
the intravenous group 1 h after administration and 
that the amount would be limited regardless of the 
dose administered (Figure 5). 

There are two possible factors that may help to 
explain this finding. First, the vascular uptake of 
fentanyl is minimal, as shown by the results of 
Gourlay et al. (24), and the elimination of fentanyl 
from the CSF will be slower than from the systemic 
circulation. Second, most of the fentanyl absorbed 
into the thoracic CSF across the dura mater will be 
retained in the dorsal horn region of the spinal cord, 
near the intravertebral space at which the epidural 
catheter was inserted, and this will interact with the 
opioid receptors in a dose-related fashion. The resid- 
ual not interacting with the opioid receptors will be 
transferred to the CNS by CSF flow. If this is true, it 
is reasonable to expect that PPT at points B, C, and D, 
near the intravertebral space at which the epidural 
catheter was inserted, would increase in a dose- 
related fashion. 
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In group FI4, receiving intravenous administration 
of 4 pg/kg of fentanyl, the incidence of drowsiness 
(80%), low respiratory rate (70%), and hypoventila- 
tion (80%) were significantly more frequent than in 
any other group. The high incidence of adverse 
effects on consciousness and respiration in this group 
was thought to be caused by direct CNS depression 
by fentanyl through the systemic circulation, and the 
recovery from adverse effects within 1 h was thought 
to be due to the rapid elimination of fentanyl from the 
systemic circulation. There were no adverse effects on 
respiration in the epidural fentanyl groups, and there 
were no significant differences among the incidence 
of nausea (10%), pruritus (10%), and drowsiness 
(10%) in the seven groups. With regard to the respi- 
ratory depression caused by epidural fentanyl, al- 
though we did not examine the slope of the ventila- 
tory response to CO,, a more sensitive test carried 
out by Negre et al. (23) found respiratory depression 
after a bolus injection of 200 ug administered epidu- 
rally; however, there were no evident clinical respi- 
ratory problems in patients receiving epidural fenta- 
nyl in our study. Our results support those of 
Lomessy et al. (29) who showed that there were no 
significant changes in arterial Pco, after the adminis- 
tration of 200 ug of epidural fentanyl in surgical 
patients. The significant differences in the incidence 
of adverse effects on consciousness and respiration in 
the epidural and intravenous groups given 4 ug/kg of 
fentanyl indirectly indicate that epidural fentany] 
does not shift rapidly to the CNS through CSF flow or 
systemic circulation, or both, and that its concentra- 
tion in the CNS encourages analgesic action but 
seldom causes adverse effects. 

In conclusion, the present study shows that the 
analgesic potency and anesthetic effect of epidural 
fentanyl were markedly stronger than those of intra- 
venous fentanyl at the same dose when administered 
by bolus injection. The results indicate that the more 
potent analgesia and greater anesthetic effect of epi- 
dural fentanyl were mainly due to the regional anal- 
gesia produced by its spinal analgesic action. 
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Will the Calcium Channel Agonist BAY K8644 Inhibit 
Halothane-Induced Impairment of Calcium Current? 
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The inhaled anesthetics impair transsarcolemmal cal- 
cium entry (Ica) in myocardial cells, although the 
mechanism of this interaction is not known. This 
inhibition of calcium entry has been implicated in the 
myocardial depression of the volatile anesthetics. To 
further characterize this interaction and to evaluate 
whether a calcium channel agonist could attenuate or 
prevent the inhibition of calcium entry, the effect of 
the calcium channel agonist BAY K8644 on the im- 
pairment of Ica by halothane was evaluated in single 
guinea pig ventricular myocytes. Calcium currents 
were evoked by means of the whole-cell voltage- 


clamp technique. Baseline peak Ic, was higher in the 
cells exposed to 5 uM BAY K8644 (311 vs 206 pA/cm’, 
P < 0.04). On exposure to 1% halothane, peak Ica 
was impaired to an identical degree whether or not 
cells were exposed to BAY K8644 (78% and 79% of 
baseline value). This is consistent with the suggestion 
that the effects of these agents on Ic, are nonspecific. 
However, the increase in Ica suggests that appropri- 
ate calcium channel agonists might serve to amelio- 
rate the myocardial depressant effects of halothane. 
(Anesth Analg 1992;74:865-9) 





sants. The etiology of this myocardial depres- 
sion is probably multifactorial (1). These agents 
have a variety of inhibitory effects on myocardial 
cellular calcium regulation, with potential interac- 
tions at the sarcolemma, the sarcoplasmic reticulum, 
and the contractile apparatus. Although the exact 
degree of myocardial depression attributable to each 
of these levels of potential interaction remains un- 
clear, a major site of action appears to be the inhibi- 
tion of calcium entry into the myocardium through 
voltage-dependent calcium channels (Ic) (2). This 
study was done to characterize more fully the inter- 
action of these agents with the sarcolemmal calcium 
channels. The ability to counteract this myocardial 
depressant effect, either selectively or nonspecifi- 
cally, could make these agents safer to use, particu- 
larly in neonates, for example, who are especially 
sensitive to calcium entering the myocardium 
through the sarcolemmal calcium channels owing to 
their inability to release large amounts of calcium 
from a poorly developed sarcoplasmic reticulum. 
To further evaluate the interaction of halothane 
and Ica, the whole-cell configuration of the voltage- 
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clamp technique was used to evaluate the effects of 
the calcium channel agonist BAY K8644 on the inhib- 
itory effect of a clinically relevant concentration of 
halothane on the entry of calcium through the sarco- 
lemma in single, enzymatically dissociated guinea pig 
ventricular myocardial cells. BAY K8644 is a dihydro- 
pyridine derivative that prolongs the mean open time 
of calcium channels (3-5). 


Methods 


This study was approved by the University of Cali- 
fornia, Los Angeles, Chancellor's Animal Research 
Committee. 


Cell Isolation 


Single enzymatically dispersed ventricular myocytes 
were isolated from 300-350-g adult guinea pigs. After 
administration of intraperitoneal heparin (4000 U) 
and pentobarbital (75 mg), hearts were rapidly ex- 
cised and placed in cold Ca**-free Tyrode’s buffer (in 
mM: NaCl 136, KCI 5.4, NaH PO, 0.33, MgCl, 1.0, 
HEPES 10.0, glucose 10, with NaOH to pH 7.4). The 
atria were removed and the aorta was cannulated and 
perfused with Ca**-free Tyrode’s buffer at 8.5 mL/ 
min. After 4 min, the perfusate was changed to 
enzyme solution consisting of Ca**-free Tyrode’s 
buffer with collagenase (Boehringer Mannheim) 
667 mg/L and protease (Boehringer Mannheim) 
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66.7 mg/L. After 18 min, the perfusate was changed 
to Tyrode’s buffer with 0.2 mM CaCl, to flush out the 
enzyme solution. The heart was removed from the 
cannula and placed in a Petri dish with 0.2 mM CaCl, 
Tyrode’s buffer. All solutions were oxygenated and 
delivered at 37°C (measured at the heart). Individual 
cells were isolated by gentle teasing of the heart, and 
the final concentration of Ca** in the Petri dish was 
adjusted to 1.8 mM. Viable quiescent cardiac myo- 
cytes were readily identifiable by their rodlike shape 
and typical striations. 


Electrophysiologic Recordings 


Cells were placed in a 0.25-mL chamber on the stage 
of an inverted microscope (Nikon TMS). The voltage- 
clamp technique is similar to that described by Hamill 
et al. (6) using a List EPC-7 patch amplifier (List 
Electronics, Germany) with the headstage mounted 
on a micromanipulator. Electrodes were pulled from 
glass pipettes (type 7052, Garner Glass, Claremont, 
Calif.) by using a double-pull technique (7) on a Kopf 
730 vertical pipette puller (David Kopf, Tujunga, 
Calif.) and insulated with Sylgard elastomer. Pipettes 
were pulled to. a tip resistance of 2-5 MQ. Pipettes 
were advanced to contact a cell. The application of 
suction established a high-resistance seal with a seal- 
ing resistance of 10-25 GQ. Reapplication of suction 
ruptured the enclosed membrane, bringing the pi- 
pette into electrical continuity with the cell interior 
and establishing the whole-cell configuration. Data 
were acquired using pClamp software (Axon Instru- 
ments, Foster City, Calif.) and Lab Master DMA 1-125 
acquisition hardware (Axon Instruments). Currents 
were digitized and recorded directly onto the hard 
disk of an AT-type microcomputer. All studies were 
done at room temperature. Data were digitized at 
50-us intervals, and net membrane currents were 
filtered at 1 kHz with an eight-pole Bessel filter 
(902LPF, Frequency Devices, Haverhill, Mass.). Cur- 
rents were normalized for cell membrane surface 
area. Cell surface area was estimated from the rela- 
tionship that biological membranes have a specific 
capacitance of approximately 1 uF/cm*. Cell capaci- 
tance was obtained directly from the slow capacita- 
tive transient canceling circuitry of the patch-clamp 
amplifier. 

The external solution consisted of (in mM) CsCl 
145, MgCl, 1, NaH,PO, 0.33, HEPES 10, CaCl, 1.8, 
glucose 10, tetrodotoxin 0.01, with CsOH to pH 7.4. 
The internal (pipette) solution consisted of (in mM) 
CsC] 145, HEPES 20, EGTA 14, CaCl, 1, NaCl 10, 
Mg-adenosine triphosphate 5, with CsOH to pH 7.10. 

After establishing the whole-cell configuration, 
baseline calcium currents were evoked after a 3-min 
equilibration period by depolarizing cells from the 
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holding potential of —80 mV to test potentials be- 
tween —50 and +40 mV in 10-mV increments for 
50 ms. Leakage current was electronically subtracted. 
After baseline measurement of calcium current, 
cells were exposed to 1% halothane. Separate exter- 
nal solution was equilibrated with 1% halothane in 
air, delivered by a calibrated Ohio vaporizer. Anes- 
thetic-containing solution was continuously deliv- 
ered through nonporous Teflon tubing:and a glass 
micropipette to within 200 um of the attached cell at 
0.5 mL/min. Calcium currents were evoked at the end 
of a 3-min perfusion of the cell with halothane- 
containing external solution. Next, the external solu- 
tion in the chamber was exchanged for non- 
halothane-containing external solution, and calcium 
current was again evoked after a 3-min recovery. 
Three groups of cells were studied. Group 1 cells 
were control cells perfused with a non-halothane- 
containing external solution equilibrated with air only 
and delivered in an identical manner to control for 
any changes in calcium currents due to perturbations 
from the infusion of fluid or to calcium channel 
rundown. Group 2 cells were perfused with external 
solution equilibrated with 1% halothane. Group 3 
cells were also perfused with 1% halothane- 
containing external solution. In addition, all external 
solutions for group 3 cells, including the halothane- 
containing perfusate, included 5 uM BAY K8644 [a 
racemic mixture of (+) and (-) optical isomers]. 


Data Analysis 


Only cells that showed recovery of current during the 
recovery phase were included for analysis. From the 
measures of peak current, a current-voltage relation- 
ship was constructed for each cell. Data were ana- 
lyzed by analysis of variance for repeated measures 
and Fisher's least significant difference test. 


Results 


Typical whole-cell calcium currents were elicited in all 
groups. The effect of exposure to halothane on the 
current-voltage relationship is shown in Figures 1 
(group 2) and 2 (group 3), which represent the mean 
current for each group of cells at each test potential in 
a series of recordings of calcium current elicited by 
test depolarizations from —50 to +40 mV from a 
holding potential of ~80 mV. 

Baseline peak calcium current was similar in group 
1 (185 + 37 pA/cm?, mean values + sz, n = 5) and 
group 2 (206 + 22 pA/tm?, n = 12) and higher in 
group 3 (311 + 38 pA/cm*, n = 10) (P < 0.04). 
Changes in peak current with exposure to halothane 
are shown in Figure 3. There were no changes in peak 
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Figure 1. Effect of halothane on the current-voltage relationship 

for activation of Ic, of group 2 cells. Each point represents the 

mean peak current for all group 2 cells at that test potential from a 

holding potential of -80 mV. -© , Baseline; -3-, halothane. 
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Figure 2. Effect of halothane on the current-voltage relationship 
for activation of Ic, in group 3 cells. Each point represents the 
mean peak current for all group 3 cells at that test potential from a 
holding potential of -80 mV. Note that the scale of the Y-axis is 
different from that of Figure 1. -© , Baseline; -=3-, halothane. 


current in group 1 cells with cell perfusion or recov- 
ery. With exposure to halothane, current decreased 
in both groups 2 and 3 compared with baseline and 
recovery (P < 0.01). Current decreased equally to 
79% + 5% of baseline values in group 2 cells and to 
78% + 6% of baseline values in group 3 cells. After 
washout of halothane, current returned to baseline 
values in both groups (P = NS). 


Discussion 


This study evaluated whether the impairment of 
calcium entry into single enzymatically dispersed 
ventricular myocytes could be ameliorated or pre- 
vented by the concurrent exposure of these cells to a 
calcium channel agonist. The inhaled anesthetics are 
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Halothane 


Recovery 


Figure 3. Effect of exposure to halothane or control perfusate on 
peak calcium current. There is no change in the control cells, a 
decrease in halothane-exposed cells, and a return toward baseline 
with recovery. Halothane decreased Ic, to an equal degree whether 
cells were exposed to BAY K8644 or not. -œ , Control, -&3- , 
halothane; --&- , halothane + BAY K8644. 


the most commonly used anesthetics in clinical prac- 
tice. These agents are significant myocardial depres- 
sants, and.a major mechanism of this depressant 
action may be the impairment of myocardial cellular 
calcium regulation (1). It has become clear that a 
major locus of this impairment is depression of trans- 
sarcolemmal calcium current (8). Halothane is known 
to inhibit influx of calcium into myocardial cells 
through the sarcolemma (Ica) (2,9). This has been 
documented by voltage-clamp studies of ventricular 
myocytes (9-11). This interaction may be a nonspe- 
cific membrane effect rather than a specific effect on 
calcium channels (12). Eskinder et al. (13) recently 
showed that all three of the commonly used volatile 
anesthetics—halothane, isoflurane, and enflurane— 
suppress both the L- and T-type calcium currents 
equivalently in single canine cardiac Purkinje cells. 
The T-type calcium current is a small, short-lived 
inward calcium current that occurs early during myo- 
cardial depolarization. The larger, longer L-type cur- 
rent is responsible for most of the calcium entry into 
the cell during the action potential. 

BAY K8644 is a dihydropyridine calcium channel 
agonist affecting the L-type calcium current. This is 
the major calcium current in cardiac myocytes, in 
both magnitude and duration. BAY K8644 is an 
analogue of the calctum channel antagonist nifed- 
ipine. The (+)-enantiomer of BAY K8644 acts as a 
calcium channel blocker and reduces calcium channel 
currents. Both the (—)-enantiomer and the racemic 
mixture increase calcium current when measured 
from negative holding potentials (14). This increase in 
whole-cell calctum current has been attributed to a 
prolongation of open time of single calcium channels 
at higher doses (3-5,14) and to increases in open- 
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channel probability at lower doses (5,15). The con- 
centration of BAY K8644 used in this study was the 
concentration reported to be at the peak of the 
dose-response curve of BAY K8644 on calcium cur- 
rent (15). 

Cells of group 3, which were exposed to BAY 
K8644, had distinctly elevated baseline calcium cur- 
rents, which would be expected. When exposed to 
halothane, although the peak calcium current in 
group 3 cells did remain greater than the current seen 
in group 2 cells exposed to halothane but not to BAY 
K8644, it decreased in a magnitude identical to the 
decrease seen in group 2 cells (Figure 3). This sug- 
gests that although it is a calcium channel agonist, 
BAY K8644 will not ameliorate in a specific manner 
the depression of calcium entry into myocardial cells 
induced by halothane and presumably by the other 
volatile anesthetics. This is consistent with the con- 
clusion of Drenger et al. (12) that the effect of the 
inhaled anesthetics on calcium entry through the 
sarcolemma may be a nonspecific membrane effect 
rather than a specific interaction with the calcium 
channel; however, Ica was in fact higher in cells 
exposed to halothane and BAY K8644 than halothane 
alone. This suggests that therapy with a clinically 
appropriate calcium channel agonist might serve to 
improve myocardial depression induced by these 
agents. This study did not evaluate the contractile 
response of these cells. 

Drenger et al. (12) recently evaluated the effects of 
halothane, enflurane, and isoflurane on the binding 
of the calcium channel blocker nitrendipine to a 
bovine myocardial sarcolemma preparation. Halo- 
thane decreased specific binding and at a concentra- 
tion of 1% decreased binding to approximately 70% of 
control. They concluded that halothane exposure 
results in an alteration in the high-affinity inactivated 
state of the calcium channel such that it is still 
inactivated, but the binding of a calcium channel 
blocker is less favorable. Thus, this was an alteration 
in the binding site for nitrendipine rather than a shift 
in the state of the channel; however, they were 
unable to determine if this was a direct effect on the 
calcium channel itself or a membrane-mediated non- 
specific effect. 

In physiologically beating hearts, calcium channels 
normally vary among three states: open, resting, and 
inactivated. The dihydropyridines bind preferentially 
to calcium channels that are in the inactivated state 
(16-18). In the absence of depolarization, most chan- 
nels are in the inactivated state. The increase in 
baseline I. in group 3 cells is an indicator that BAY 
K8644 was binding to calcium channels and having 
an active effect in this preparation. 

The voltage-clamp technique evaluates only cal- 
cium entry through the sarcolemma, and thus 
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changes induced by alterations in sarcoplasmic retic- 
ulum calcium release and uptake will not be mea- 
sured. As mentioned earlier, halothane is also known 
to have an effect on intracellular calcium regulation 
by the sarcoplasmic reticulum (19), but this is not 
addressed by this study. 

In this study, cells were perfused with halothane- 
equilibrated solution delivered in extremely close 
proximity to the cell. No attempt was made to mea- 
sure halothane concentrations in fluid removed from 
the experimental chamber at a distance from the cell. 
Thus, although cells were probably perfused with 
halothane at an effective concentration very close to 
or at 1%, this must of necessity be considered a 
maximum rather than an exact concentration. The 
two types of calcium current found in myocardial 
cells, the T- and L-type current, can be differentiated 
by inactivation at different potentials and by different 
sensitivity to a variety of calcium channel blocking 
agents. The specific voltage-clamp protocol and the 
experimental solutions used in this study resulted in 
both types of current being measured; however, as 
discussed earlier, the L-type current is the calcium 
current affected by BAY K8644 and is also by far the 
larger of the two currents. 

In summary, the effects of the calcium channel 
agonist BAY K8644 on the halothane-mediated inhi- 
bition of Ica were evaluated in single ventricular 
myocytes. Although BAY K8644 resulted in increased 
calcium current at baseline, during exposure to 1% 
halothane and during recovery compared to non- 
BAY K8644-exposed cells, the depression of current 
as a percentage of baseline current was identical, 
suggesting that calcium channel agonists will not 
specifically antagonize the inhibition of Ica by the 
volatile anesthetics. This is consistent with the sug- 
gestion that the inhibition of Ica by the potent inhaled 
anesthetics is a nonspecific effect. However, clinically 
appropriate calcium channel agonists might be a 
practical therapeutic or prophylactic agent for inhaled 
anesthetic-mediated myocardial depression. 


The excellent technical assistance of Mercedes Tecson is gratefully 
acknowledged. 
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Phenylephrine Does Not Limit Myocardial Blood Flow or 
Oxygen Delivery During Isoflurane-Induced Hypotension 


in Dogs 
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Experiments were performed on seven fentanyl- 
pentobarbital-anesthetized, open-chest dogs to deter- 
mine whether stimulation of coronary a,-adrenergic 
receptors by phenylephrine causes coronary vasocon- 
striction and impaired myocardial oxygen delivery 
when phenylephrine is infused to correct isoflurane- 
induced hypotension. Myocardial blood flow was 
measured with radioactive microspheres, and myo- 
cardial oxygen and lactate extraction were deter- 
mined. The Fick equation was used to calculate myo- 
cardial oxygen consumption. Measurements were 
obtained (a) under control conditions, (b) after a 30-min 
inhalation of isoflurane sufficient to decrease mean 
aortic pressure by 30%, and (c) while maintaining 
administration of isoflurane, 5-10 min after restora- 
tion of mean aortic pressure by intravenous infusion 
of phenylephrine. Isoflurane-induced hypotension 
was accompanied by a baroreceptor-mediated in- 
crease in heart rate and by a decrease in myocardial 
oxygen consumption; however, myocardial blood 
flow was maintained, resulting in decreased oxygen 


n a previous study, Smith et al. (1) compared the 

incidence of myocardial ischemia by using several 

anesthetic techniques to maintain adequate aortic 
pressure (and thus carotid artery stump pressure) in 
patients undergoing carotid endarterectomy. Myo- 
cardial ischemia was evaluated from echocardio- 
grams and electrocardiograms. The patients were 
randomly divided to receive halothane or isoflurane 
(with nitrous oxide), either at low concentration alone 
or at a higher concentration with phenylephrine 
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extraction and increased coronary sinus Po,, thus 
implying a direct coronary vasodilating effect for 
isoflurane. Lactate extraction was unaffected. Phen- 
ylephrine infusion during inhalation of isoflurane 
returned mean aortic pressure and heart rate to their 
respective control values, and it did not change 
myocardial oxygen consumption, myocardial blood 
flow, myocardial oxygen extraction, coronary sinus 
Po,, or lactate extraction from values obtained during 
isoflurane alone. These latter findings are consistent 
with undiminished coronary vasodilation by isoflu- 
rane in the presence of phenylephrine. In conclusion, 
infused phenylephrine to restore aortic pressure dur- 
ing isoflurane administration had no vasoconstrictor 
effect in the coronary circulation and did not impair 
myocardial oxygen delivery. Apparently, the direct 
coronary vasodilating action of isoflurane completely 
nullified phenylephrine-induced vasoconstriction via 
local a,-adrenergic receptors. 

(Anesth Analg 1992;74:870-6) 


infused to support blood pressure. Systolic blood 
pressure was held within 20% of each patient's aver- 
age systolic pressure during the first 24 h of hospital- 
ization. Smith et al. (1) found no difference in inci- 
dence of myocardial ischemia between isoflurane and 
halothane, but the patients who received phenyleph- 
rine had a threefold greater incidence of myocardial 
ischemia compared with those who did not. Because 
myocardial hemodynamic and metabolic data were 
not obtained, these investigators could not determine 
the mechanism responsible for the adverse effect of 
phenylephrine. However, they speculated about sev- 
eral mechanisms, including restricted coronary blood 
flow and oxygen supply because of coronary vaso- 
constriction via stimulation of vascular a-adrenergic 
receptors. Such a coronary vasoconstrictor mecha- 
nism is well documented (2), and its potency has 
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been demonstrated by an ability to partially override 
metabolically mediated coronary vasodilation (3-6). 

The present study was conducted in dogs to char- 
acterize to what extent coronary vasoconstriction 
impairs metabolic vascular control mechanisms when 
phenylephrine is used to correct isoflurane-induced 
hypotension. This was inferred from direct measure- 
ments of variables reflecting the balance between 
myocardial oxygen supply/demand, including myo- 
cardial blood flow, coronary sinus Po2, and myocar- 
dial lactate extraction. 


Methods 
Experimental Preparation 


The experimental protocols were conducted in com- 
pliance with the Institutional Animal Research Com- 
mittee. Experiments were performed on seven con- 
ditioned, heartworm-free mongrel dogs of either 
gender (weight range, 20-25 kg). Anesthesia was 
induced with intravenous bolus injection of fentanyl 
(40 ug/kg) and sodium pentobarbital (10 mg/kg). 
Anesthesia was maintained by continuous intrave- 
nous infusion of fentanyl and sodium pentobarbital 
at rates of 20 pg-kg~*-h~* and 1 mg-kg™*-h~’, respec- 
tively. After tracheal intubation, the dog was me- 
chanically ventilated (Air Shields) with Fro, equal to 
1.0. The volume and rate of the ventilator were 
established to maintain Paco, at a physiologic level. 
Po,, Pcoz, and pH of arterial, sinus, and mixed 
venous (see later) blood samples were measured 
electrometrically (model 413, Instrumentation Labo- 
ratories, Lexington, Mass.). Muscle paralysis was 
obtained with an intravenous injection of vecuro- 
nium bromide, 0.1 mg/kg, with supplements at 
0.05 mg-kg~*-h7’. 

Polyethylene cannulas were inserted (a) into the 
thoracic aorta via the left femoral and right brachial 
arteries for monitoring aortic blood pressure and for 
obtaining samples of arterial blood for analysis of gas 
composition and (b) into the right femoral vein for 
intravenous injections and infusions. The heart was 
exposed through a left thoracotomy in the fourth 
intercostal space. A polyethylene cannula was in- 
serted into the left atrium via the left atrial appendage 
for injecting radioactive microspheres. A microman- 
ometer-tip pressure transducer (Millar Instruments, 
Houston, Tex.) was inserted into the left ventricle via 
the left atrium and mitral valve to measure left 
ventricular pressure. The maximal rate of rise of left 
ventricular systolic pressure (dP/dt max) was ob- 
tained from the left ventricular pressure pulse with 
an electronic differentiator. The left ventricular pres- 
sure signal was used to drive a cardiotachometer. A 
noncannulating electromagnetic flow transducer was 
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placed around the ascending aorta to measure cardiac 
output (less coronary blood flow) with an electromag- 
netic flowmeter (Narco Biosystems, Houston, Tex.). 
A flow-directed pulmonary artery catheter was posi- 
tioned in the pulmonary artery via the left femoral 
vein to sample mixed venous blood. Heparin, 400 U/kg 
IV, was administered after surgery to prevent blood 
coagulation. Lactated Ringer’s solution was infused 
continuously at rate of 2-3 mL/min to compensate for 
evaporative fluid losses. 

Aortic pressure was measured with a Statham 
transducer and averaged electronically. A permanent 
record of monitored hemodynamic parameters was 
obtained with a Gould recorder. Systemic vascular 
resistance was computed by dividing mean aortic 
pressure by mean aortic blood flow. 


Experimental Measurements 


Regional myocardial blood flow. Regional myocardial 
blood flow was measured with 15 + 3 um micro- 
spheres labeled with y-emitting radionuclides, “Sc, 

Sr, and ‘Sn (New England Nuclear, Boston, 
Mass.; 3M Company, St. Paul, Minn.). Before injec- 
tion, the microspheres were dispersed in a solution of 
10% dextran and agitated in a vortex mixer and in an 
ultrasonic bath. Approximately 1 x 10° microspheres 
was administered for each flow determination. The 
microspheres were flushed into the left atrium over 
30 s with 5 mL body temperature isotonic saline 
solution. Administration of microspheres had no 
detectable effect on monitored hemodynamic varia- 
bles. Beginning simultaneously with each micro- 
sphere injection, duplicate reference arterial samples 
were collected at a rate of 6 mL/min for 3 min through 
two cannulas of different lengths inserted into the 
aorta via the right femoral artery. Radioactivities of 
the duplicate reference samples differed by <10%, 
indicating adequate mixing of microspheres in the left 
ventricular output. Autologous blood obtained before 
the study was simultaneously infused during the 
reference sample withdrawal to maintain isovolemic 
conditions. 

After the final injection of microspheres, the heart 
was stopped by intravenous injection of KCI; excised; 
trimmed of adipose tissue, valves, and great vessels; 
and frozen to facilitate transmural sampling. Full- 
thickness myocardial samples were obtained from the 
left and right ventricular free wall and interventricu- 
lar septum. The samples from the left ventricular free 
wall and septum were cut into thirds transmurally 
and that from the right ventricular free wall into 
halves transmurally to yield regional samples. All 
myocardial samples contained at least 400 micro- 
spheres to ensure high-precision, low-error flow es- 
timates (7). Each section was transferred to a tared 
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counting tube. The myocardial and reference blood 
samples were weighed and analyzed for radioactivity 
with a gamma scintillation counter equipped with a 
multichannel analyzer (model 1282-002, LKB, Turku, 
Finland). Isotope separation was accomplished by 
standard techniques of gamma spectroscopy. Values 
for myocardial blood flow (MBF) (mL-min~*-100 g7?) 
were calculated from the equation, 


MBF = ABF x (MC/AC) x 100, 


where ABF is the rate of arterial reference sam- 
pling (mL/min), MC is microsphere radioactivity 
(counts-min™*-g~") in the tissue samples, and AC is 


the total microsphere radioactivity (counts/min) in ` 


the arterial reference samples. Values for myocardial 
blood flow within each heart wall were averaged to 
compute a value for mean transmural blood flow. 


Myocardial oxygen consumption. A polyethylene can- 
nula was positioned in the coronary sinus via the 
right jugular vein and right atrium for collecting 
samples of venous effluent from the perfusion field of 
the left coronary artery. One-milliliter blood samples 
were simultaneously collected anaerobically from the 
aorta and the coronary sinus to determine the left 
coronary arteriovenous oxygen difference. Hemoglo- 
bin concentration and percent hemoglobin oxygen 
saturation of blood samples were measured with a 
carbon monoxide oximeter (model 482, Instrumenta- 
tion Laboratories, Lexington, Mass.) and used to 
calculate oxygen bound to hemoglobin, assuming an 
oxygen carrying capacity for hemoglobin of 1.39 mL 
O,/g (8). The oxygen dissolved in the blood was 
computed (O, dissolved = 0.003 mL O,:100 mL 
blood™*-mm Hg™*) and added to the bound compo- 
nent to compute total oxygen content. 

The systemic arteriovenous oxygen difference was 
also calculated, as described above, using the aortic 
and mixed venous blood samples. Oxygen extraction 
(%) for both the left coronary and systemic circulation 
was determined by dividing the respective arteriove- 
nous oxygen difference by the oxygen content of the 
aortic blood sample. 

Myocardial oxygen consumption (MVo,) (mL: 
min™'-100 g~*) was calculated from the Fick equation, 


MVo, = MMBF x [(a — v)O, difference/100], 


where MMBF is the arithmetic mean myocardial 
blood flow for the left ventricular samples in each 
heart (mL-min~*-100 g~*) and (a — v)O, difference is 
the coronary arteriovenous oxygen difference (vol %). 
Paired 1-mL blood samples were obtained from the 
aorta and coronary sinus and analyzed for plasma 
lactate concentration by using an enzymatic method 
(Paramax Analytical System, Baxter, Irvine, Calif.). 
This method is well accepted and is widely used in 
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clinical chemistry laboratories. According to the man- 
ufacturer, the method has an intraassay and interas- 
say coefficient of variation of approximately 5.0%. 
The arterial and coronary sinus values for plasma 
lactate concentration were used to compute percent 
myocardial lactate extraction. 


Experimental Protocol 


At least 30 min was allowed for the animal to stabilize 
after completion of surgical preparation before the 
initial baseline (before isoflurane administration) he- 
modynamic measurements were obtained. Then, 
isoflurane, provided by a calibrated Fortec vaporizer, 
was administered in an inspired concentration (2.0%- 
4.0%) sufficient to cause progressive reduction in 
mean aortic pressure to 70%-75% of baseline over 
30 min. After stabilization of mean aortic pressure at 
the minimum hypotensive value, hemodynamic mea- 
surements were again obtained. Next, phenylephrine 
was infused intravenously at a rate sufficient to 
restore mean aortic pressure to the level observed 
before isoflurane administration (0.42.5 ug-kg~’- 
min™t). After 10 min of phenylephrine infusion, 
while maintaining isoflurane inhalation, a third set of 
hemodynamic measurements was obtained. 


Statistical Analysis 


Experimental effects were evaluated using a random- 
ized block analysis of variance with repeated mea- 
surements in the same dog, each dog serving as a 
block (9). The Student-Newman-Keuls test was used 
to locate which treatment means differed (9). A P 
value <0.05 was considered significant throughout 
this study. 


Results 


Isoflurane alone. Isoflurane administration de- 
creased mean aortic pressure, left ventricular dP/dt 
max, and aortic blood flow (Table 1). The decreased 
aortic blood flow was due to a decreased stroke 
volume, as heart rate increased. Isoflurane had no 
effect on systemic vascular resistance. Although arte- 
rial blood gas values were not changed, mixed 
venous values for Po, oxygen saturation, and oxy- 
gen content were reduced, reflecting increased sys- 
temic oxygen extraction. Arterial plasma lactate con- 
centration was not affected by isoflurane. 

Isoflurane-induced hypotension did not change 
myocardial blood flow in the various regions of the 
heart, except in the midmyocardium of the septum, 
where blood flow decreased marginally (Table 2). The 
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Table 1. Systemic Hemodynamic and Blood Gas Data 
During Isoflurane-Induced Hypotension (Iso) and After 


Its Correction With Phenylephrine (Iso-phen) 


Control 
value Iso Iso—phen 
Mean aortic pressure 105 + 3 229, 1Ss3 
(mm Hg) 
Heart rate 98+11 121+ 6 93 + 11° 
(beats/min) 
Aortic blood flow 1499 + 125 1108 + 116" 1190 + 164° 
(mL/min) 
dP/dt max, 1942 + 112 1286 + 106° 1542 + 104°? 
(mm Hg/s) 
Stroke volume 17+3 9] 14+2 
(mL/min) 
SVR 0.07 + 0.01 0.07 + 0.01 0.10 + 0.01%" 
(mm Hg-L™?-min7') 
Arterial blood values 
pHa 7.41 + 0.01 7.41 + 0.01 7.41 + 0.01 
Paco, (mm Hg) 36 +1 37 +1 35 +1 
Pao, (mm Hg) 361 + 33 303 + 51 298 + 27 
O, saturation (%) 97.3 +0.5 97.7+0.2 98.0 + 0.2 
O, content (vol %) 20.9412 203408 21.0 + 0.1 
Lactate (mEq/L) 2.7406 24404 25403 
Mixed venous blood 
values 
pH 7.35 + 0.01 7.35 + 0.01 7.35 + 0.01 
Pco, (mm Hg) 4341 46 +2 44+] 
Po, (mm Hg) 52+ 2 452+? 43 + 28 
©, saturation (%) 76.2 + 3.2 65.2 £4.3" 63.7 + 3.2" 
O, content (vol %) 15.8 + 1.3 13.2 ż 1.3" 13.7203" 


Lactate (mEq/L) 2.5 + 0.6 2.2 + 0.4 2.1 + 0.3 
Systemic O, 

extraction (%) 

SVR, systemic vascular resistence. 
Values are mean values + SE. 


ap < 0.05, from control. 
*P < 0.05, from isoflurane-induced hypotension. 


endocardial/epicardial flow ratio was unaffected in 
the left ventricular wall, although it decreased mod- 
estly in the right ventricular wall. In the left ventric- 
ular wall, the maintained myocardial blood flow was 
accompanied by reductions in myocardial oxygen 
consumption and oxygen extraction and by increases 
in coronary sinus Po,, oxygen content, and oxygen 
saturation (Table 3). Myocardial lactate extraction did 
not change during isoflurane-induced hypotension. 


Phenylephrine during isoflurane. Phenylephrine infu- 
sion during isoflurane administration returned mean 
aortic pressure to the control value by increasing 
systemic vascular resistance. Heart rate also returned 
to the control value, whereas left ventricular dP/dt 
max and aortic blood flow remained decreased. Ar- 
terial and mixed venous blood variables remained at 
values evident during isoflurane-induced hypoten- 
sion. 

Correction of isoflurane-induced hypotension with 
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Table 2. Regional and Mean Transmural Myocardial 
Blood Flow (mL-min™+-100 g~*) During Isoflurane- 
Induced Hypotension (Iso) and After Its Correction With 
Phenylephrine (Iso-phen) 


Control l 
value Iso Iso-phen 
Left ventricle 
Epicardium 62 £7 56 +7 57 +9 
Midmyocardium 62 + 8 53 + 8 53 +11 
Endocardium 65 + 6 5447 54 + 10 
Mean 63 + 7 54+ 7 55 + 10 
Endocardium/epicardium 1.1 + 0.09 10401 1.0 0.1 
Right ventricle 
Epicardium 39 + 4 37 5 41 + 8 
Endocardium 45 + 6 34+ 3 B4x+5 
Mean 42 +4 36 +3 38 + 6 
Endocardiunvepicardium 1.2+01 10+0.1% 0.9+0.1° 
Septum 
Right SLES 4445 44+ 8 
Mid 68 + 7 55+ 8? 55 + il* 
Left 67 +9 58 + 8 62+ 13 
Mean 62+10 S247 54+ 11 
Left ventricle/right ventricle 1340.1 13+01 14+01 


Values are mean values + SE. 
‘P < 0.05, from control values. 


Table 3. Myocardial Oxygen Consumption, Fractional 
Lactate Extraction, and Related Variables During 
Isoflurane-Induced Hypotension (Iso) and After Its 
Correction With Phenylephrine (Jso-phen) 


Control 
value Iso Iso-phen 
Oxygen consumption 8.1+0.6 63+ 0.8% 5.8 + 0.5" 
(mL-min™'-100 g7?) | 
Blood flow 63 +7 55 + 10 


. SALT 
(mL-min~*-100 g7?) 
(a — v) O, difference 


13.1 + 0,5 11.7 + 0.3" 11.3 + 0.8 
(vol %) l 


O, extraction (%) 63 +2 58 + 3 54 + 4° 
Lactate extraction (%) 44+8 43 +7 45 +7 
Coronary sinus blood values 
pH 7.35 + 0.02 7.35 + 0.01 7.36 + 0.01 
Pco, (mm Hg) 47 +2 49 +1 48 +1 
Po, (mm Hg) 28 + 1 a2. = 1° 33 + 1“ 


37.9 + 2.2 43.1 + 2.9 46.0 + 3.1° 
7.8 +08 8.7+0.% 9.8 +0.9 
16 +04 14+03 150.3 


O, saturation (%) 
O, content (vol %) 
Lactate (mEq/L) 


Values are mean values + Sz. 
“p < 0.05, from control values. 


phenylephrine did not alter mean myocardial blood 
flow or the transmural distribution of myocardial 
blood flow in the various regions of the heart. Also, it 
did not change left ventricular myocardial oxygen 
consumption, oxygen extraction, or coronary sinus 
values for Po, oxygen saturation, and oxygen con- 
tent. Left ventricular myocardial lactate extraction 
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also was not affected by phenylephrine infusion 
during isoflurane administration. 


Discussion ~ 


The major findings of the present study were the 
following: (a). Isoflurane-induced hypotension was 
accompanied by an increase in heart rate (presumably 
via baroreceptor pathways) and by a decrease in 
myocardial oxygen consumption. The unchanged 
myocardial blood flow under this condition sug- 
gested a direct coronary vasodilator effect for isoflu- 
rane. (b) Intravenous infusion of phenylephrine dur- 
ing isoflurane administration returned both aortic 
pressure and heart rate to control values, but myo- 
cardial oxygen consumption remained at the same 
reduced value, implying a persistent negative inotro- 
pic effect. Also, phenylephrine during isoflurane did 
not alter the relationship between myocardial oxygen 
consumption and blood flow. This latter finding was 
consistent with the hypothesis that phenylephrine 
has no direct coronary vasoconstrictor effect in the 
presence of isoflurane. 

Isoflurane-induced hypotension was caused by 
decreased stroke volume and cardiac output (as- 
sessed from measurements of aortic blood flow) with- 
out change in systemic vascular resistance. This find- 
ing, along with the observed reduction in dP/dt max, 
is consistent with a negative inotropic effect for 
isoflurane. Such cardiac depression by isoflurane has 
been demonstrated in isolated preparations of cardiac 
muscle in vitro (10); in isolated, paced, working rat 
hearts (11); and in intact canine hearts (12). The 
decreased cardiac output during isoflurane-induced 
hypotension was accompanied by the anticipated 
compensatory increase in extraction of oxygen in the 
systemic circulation, leading to reduced values for 
mixed venous Po, (13). This suggests that on aver- 
age, tissue Po, was also reduced (14). Lack of increase 
in systemic blood lactate concentration implies that 
Po, in the body tissues was not reduced sufficiently 
to stimulate anaerobic metabolism (14). 

In contrast to the present findings in the dog, 
others have reported (15) that isoflurane caused hy- 
potension in human patients by a decrease in sys- 
temic vascular resistance with little change in cardiac 
output. A definitive explanation for this apparent 
discrepancy is not obvious, but it may be related to 
differences between species or in experimental pro- 
tocols, including background anesthesia and isoflu- 
rane blood concentration. 

Heart rate, a primary determinant of myocardial 
oxygen demand (16), increased during isoflurane- 
induced hypotension, presumably via baroreceptor 
reflex pathways. However, the measured myocardial 
oxygen consumption declined, apparently reflecting 
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the predominant combined influence of reductions in 
two other primary determinants of myocardial oxy- 
gen demand (16)—left ventricular pressure (and wall 
tension in accordance with the law of Laplace) and 
myocardial contractility, as evidenced from measure- 
ments of dP/dt max. The finding that myocardial 
oxygen consumption did not change during phenyl- 
ephrine infusion to correct isoflurane-induced hypo- 
tension suggests that the opposing influences of 
increased left ventricular wall tension and lowered 
heart rate balanced each other, whereas the direct 
negative inotropic effect of isoflurane persisted. 

The decrease in myocardial oxygen consumption 
during isoflurane-induced hypotension was not ac- 
companied by the expected proportional reduction in 
myocardial blood flow via metabolic autoregulatory 
mechanisms (2). Instead, myocardial blood flow re- 
mained unchanged, leading to moderate but consis- 
tent decreases in myocardial oxygen extraction, re- 
flecting increases in coronary sinus Po, and oxygen 
saturation. These findings provide support for a 
direct pharmacologic vasodilating action of isoflurane 
in the coronary circulation (2). 

The present findings are qualitatively consistent 
with our recent study (12) demonstrating vasodila- 
tion during selective intracoronary administration of 
isoflurane via an extracorporeal circuit in canine 
hearts, but the size of the vasodilator response was 
much less in the present study. An explanation for 
this quantitative difference remains to be clarified 
with certainty, but several factors may be considered. 
One factor may be the reductions in aortic pressure 
and global cardiac work demand in the present 
study. These variables were held constant in our 
previous study. Another factor may be the different 
times at which blood flow measurements were ob- 
tained in the two studies. In the present study, 
measurements of myocardial blood flow were ob- 
tained approximately 30 min after beginning inhala- 
tion of isoflurane, which provided time for moderat- 
ing mechanisms (e.g., vascular adaptation) to 
attenuate the direct dilator effect of isoflurane. Vas- 
cular adaptation to the dilator effects of isoflurane has 
been demonstrated in the cerebral circulation (17), 
but it remains to be determined whether this phe- 
nomenon extends to the coronary circulation. In our 
previous study, time-dependent mechanisms were 
not involved, as measurements of myocardial blood 
flow were obtained immediately on achieving steady- 
state conditions after abrupt exposure of the coronary 
circulation to blood equilibrated extracorporeally with 
isoflurane. 

To conclude that isoflurane was responsible for 
preventing coronary vasoconstriction by phenyleph- 
rine, it is necessary to demonstrate that phenyleph- 
rine could cause coronary vasoconstriction in the 
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absence of isoflurane in this canine preparation. 
Although relevant experiments were not undertaken 
here, they were conducted in a recent study from this 
laboratory (18). In that study, also performed in 
fentanyl-pentobarbital-anesthetized dogs, phenyleph- 
rine was infused intravenously at rates comparable to 
those evaluated in the present study, and aortic 
pressure was held constant with an extracorporeal 
reservoir. Use of this reservoir avoided the increases 
in perfusion pressure, the reflex bradycardia, and the 
augmented cardiac work demand that complicate 
interpretation of coronary vascular responses when 
phenylephrine is infused with aortic pressure uncon- 
trolled (18). In the absence of isoflurane, phenyleph- 
rine caused coronary vasoconstriction, evidenced by 
reduced myocardial blood flow accompanied by in- 
creased oxygen extraction, and decreased coronary 
sinus Po, and oxygen saturation. These previous 
findings contrast with those of the present study, 
which indicate that myocardial blood flow remained 
inappropriately elevated with respect to the prevail- 
ing myocardial oxygen consumption (i.e., oxygen 
extraction remained reduced and coronary sinus Po, 
and oxygen saturation increased) during phenyleph- 
rine infusion to restore aortic pressure in the presence 
of isoflurane. This analysis suggests that the dilating 
action of isoflurane in the coronary circulation was 
responsible for completely nullifying phenylephrine- 
induced coronary vasoconstriction. 

Reduced or reversed myocardial lactate extraction 
has been used as a sign for myocardial ischemia (an 
inadequate myocardial oxygen supply with respect to 
the prevailing oxygen demands results in anaerobic 
metabolism) (19). The constant values for myocardial 
lactate extraction suggest that myocardial oxygen 
supply remained adequate throughout this study. 


Clinical Implications 


The present study demonstrated no coronary vaso- 
constrictor effect and well-maintained myocardial 
oxygen supply when phenylephrine was used to 
restore aortic pressure during isoflurane-induced hy- 
potension in the fentanyl-pentobarbital-anesthetized 
dog with a normal heart. Variables, such as duration 
and extent of isoflurane-induced hypotension, infu- 
sion rate of phenylephrine, level of aortic pressure, 
background anesthetic agent, and ventilation condi- 
tions, complicate extrapolations to human patients. 
In addition, coronary responses to phenylephrine 
stimulation may differ in patients with coronary ar- 
tery disease because of damage to the vascular endo- 
thelium and impaired production and release of 
endothelium-derived relaxing factor (20). Recent in 
vitro findings (21) have demonstrated that isoflurane- 
induced relaxation of preconstricted canine arterial 
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segments requires an intact endothelium, suggesting 
a role for endothelium-derived relaxing factor. If such 
endothelium dependence is also found to be evident 
at the level of the coronary arterioles (i.e., resistance 
vessels), isoflurane-induced coronary vasodilation 
may be blunted in patients with coronary artery 
disease, permitting greater manifestation of the vaso- 
constrictor effects of phenylephrine. As atherosclero- 
sis is a systemic disorder, this factor may have been 
operative in the patients undergoing carotid endar- 
terectomy that were studied by Smith et al. (1). 

The above caveats notwithstanding, the present 
findings suggest that the myocardium is not at risk 
when phenylephrine is used to treat isoflurane- 
induced hypotension intraoperatively so long as car- 
diac function is normal and coronary blood vessels 
are not obstructed or damaged. 





We appreciate the expert technical assistance of Derrick L. 
Harris, BS. 
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Venodilation Contributes to Propofol-Mediated 


Hypotension in Humans 
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The present investigation explored the possibility 
that the commonly observed hypotension that occurs 
during induction of anesthesia with propofol might 
be related to its ability to produce venodilation. 
Thirty-six ASA I and II patients who received no 
premedication were studied. The first 20 patients 
were divided into two equal groups. Hemodynamic 
measurements consisted of heart rate, arterial blood 
pressure, and forearm venous compliance by occlu- 
sive plethysmography. Baseline measurements were 
made in awake patients while resting in a supine 
position. Repeat measurements were made during 
steady-state infusions of propofol (2.5 mg/kg bolus 
injection, followed by a continuous infusion at 
200 ug-kg~'-min™*) or thiopental (4 mg/kg bolus 
injection, followed by continuous infusion at 
200 ug-kg~*-min~*), 10 min after tracheal intubation 
while patients were artificially ventilated. Both anes- 


thetic that has been used for both induction and 

maintenance of general anesthesia. When 
propofol has been used for induction of anesthesia, a 
recurring observation has been that the hemody- 
namic responses, particularly the decrease in arterial 
blood pressure, are often more pronounced than 
those produced by traditional drugs intravenously 
administered to induce anesthesia (1-5). The precise 
mechanism(s) of propofol-induced hypotension is 
not known. Reductions in arterial blood pressure 
have been attributed to decreases in cardiac output or 
peripheral resistance, or both. These measurements 
have been reported during propofol administration in 
numerous studies in humans (3-7). Unfortunately, 
the published data are difficult to interpret for several 
reasons. First, propofol has been administered to 
both healthy and unhealthy patients, and responses 


| Jropofol is a relatively new intravenous anes- 
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thetics resulted in a significant (P < 0.05) and similar 
tachycardia; however, propofol produced significant 
decreases in systolic (-30 + 9 mm Hg) and diastolic 
(—11 + 4 mm Hg) arterial blood pressure. Forearm 
venous compliance was significantly increased dur- 
ing propofol administration but unchanged in pa- 
tients receiving thiopental. In four additional patients 
receiving smaller consecutive infusions of propofol 
(50 and 100 yg-kg~'-min™’), significant subtle in- 
creases in forearm compliance were also recorded. 
These increases were not observed in four patients 
who received placebo infusicns. Thus, one mecha- 
nism promoting hypotension during propofol anes- 
thesia in humans seems to be related to its direct 
effects on venous smooth muscle tone and presum- 
ably venous return. 

(Anesth Analg 1992;74:877-83) - 


may have been influenced by underlying cardiac, 
autonomic, and vascular pathology. Second, numer- 
ous types of preoperative sedative/anxiolytic medica- 
tions have been used before administration of propo- 
fol. These could influence the hemodynamic changes 
noted during anesthetic induction. 

A recent study (8) in a-chlorolose anesthetized 
dogs has provided insight into one mechanism me- 
diating hypotension during propofol use. This study 
reported that larger volumes of colloids given intra- 
venously were necessary to maintain stable cardiac 
filling pressures during administration of propofol 
compared with thiopental. The authors concluded 
that this additional fluid requirement was due, in 
part, to a direct effect of propofol on venous smooth 
muscle tone. In accordance with these findings, sev- 
eral studies in humans (9-11) have demonstrated 
large decreases in cardiac filling pressures during the 
administration of propofol. Therefore, we explored 
the possibility that propofol administration produced 
venodilation in humans. If such an effect were 
present, it could contribute substantially to the reduc- 
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tions in cardiac output and systemic blood pressure 
often noted during administration of propofol. To 
examine this question, we used venous occlusion 
plethysmography to evaluate the compliance of the 
veins within the forearm during anesthetic induction 
with either propofol or thiopental. 


Methods 


Thirty-six healthy (ASA I and II) patients (range, 
36-65 yr) participated in this investigation. The study 
protocol was approved by the Human Research Re- 
view Board of the institution, and informed consent 
was obtained from each participant. Only patients 
scheduled for elective surgery participated in this 
research. Patients were not receiving vasoactive med- 
ications, and each abstained from oral intake for at 
least 8 h before the testing session. All preoperative 
medications were withheld. On arrival in the operat- 
ing room, an 18-gauge intravenous catheter was 
inserted into the right arm, and 10 mL/kg of normal 
saline solution was administered over 20 min. Pa- 
tients were recumbent, with their left elbow slightly 
flexed and resting on a sandbag, and the wrist was 
suspended above the heart level at an angle of 80° 
from the horizontal. A double-stranded, mercury-in- 
Silastic, temperature-compensated strain gauge was 
placed around the forearm at its greatest girth. An 
18-gauge cannula was inserted into a superficial vein 
of this forearm, and the tip of this catheter was 
positioned under the strain gauge at midforearm 
level to record vein pressure. Venous pressure was 
monitored with a transducer placed at the horizontal 
level of the catheter tip and connected to a storage 
oscilloscope, ink writing recorder, and a computer. 
Forearm venous pressure was increased by inflating 
an upper arm cuff. In study 1, three different occlud- 
ing pressures were used (20, 30, and 40 mm Hg), and 
each was maintained for 90-120 s while the circum- 
ferential expansion of the forearm (strain gauge) was 
recorded. Measurements of arm girth and forearm 
vein pressure were taken approximately 30-40 s be- 
yond the point at which superficial vein pressure 
stabilized (Figure 1). At this time, superficial, deep, 
and other small vessels were assumed to be fully 
distended and stable. The venous occluding cuff was 
then released until forearm girth and vein pressure 
returned to baseline, at which time a new inflation 
pressure was applied. Venous compliance was calcu- 
lated at each inflation pressure as the change in arm 
volume (mL) per change in vein pressure (mm Hg), 
as previously described (12). Compliance curves were 
obtained by plotting the relationship between vein 
pressure and forearm volume (Figure 2). Whenever 
time permitted, each intensity of cuff inflation was 
repeated, and the data from duplicate trials were 
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averaged. Heart rate was monitored from lead II of 
the electrocardiogram, and blood pressure was mea- 
sured at 2-min intervals by a noninvasive automated 
oscillometric blood pressure device. 

In study 1, after awake baseline compliance data 
were obtained, patients were randomized to receive 
either thiopental (4 mg/kg bolus injection, followed 
by a continuous infusion of 200 wg-kg~'-min™') or 
propofol (2.5 mg/kg bolus injection, followed by a 
continuous infusion of 200 ug-kg~*-min™*). Vecuro- 
nium (0.1 mL/kg) was used for neuromuscular block- 
ade before intubation. Controlled ventilation with 
70% nitrogen and 30% oxygen was used in a semicir- 
cle system. End-tidal CO, (mass spectrometer) was 
maintained between 35 and 40 mm Hg. Ten minutes 
after tracheal intubation, venous occlusion trials were 
repeated. 

In a separate group of eight patients randomized 
to receive thiopental (n = 4) and propofol (n = 4) in 
an identical fashion to those described above, the 
spectral edge was recorded from a four-lead lifescan 
system (Neurometrics, San Diego, Calif.). The spec- 
tral edge represented the frequency below which 95% 
of the electroencephalographic power was located. 
These recordings served as an index of anesthetic 
depth to aid in our assertion that the chosen anes- 
thetic doses and infusion rates were probably equi- 
potent. 

In study 2, arm compliance readings were obtained 
at lower propofol infusion rates in an additional four 
patients who were awake and breathing spontane- 
ously. Each received a 12-min infusion of propofol at 
50 wg-ke~'-min', followed by an 8-min infusion of 
100 ug-kg~*-min™’. Vein compliance measurements 
at cuff inflation pressures of 20 mm Hg were obtained 
before and at the 12th and 20th minute after initiating 
the propofol infusion. Four volunteers served as time 
controls and received saline infusions (single-blinded 
study design). Heart rate and blood pressure (by aus- 
cultation of Korotkoff sounds) were obtained at these 
respective time points as well. End-tidal CO, measure- 
ments were monitored from modified nasal prongs. 

Group data are expressed as mean values + SEM. 
Analysis of variance was used to determine differ- 
ences between group responses. Two-way analysis of 
variance for repeated measures was used to deter- 
mine whether responses differed during awake and 
anesthetized situations. Post hoc testing to determine 
significance at individual points on the compliance 
curves were done with Dunnett’s t-testing. Re- 
sponses were considered significant if P < 0.05. 


Results 


The age, height, weight, and ASA classification of the 
patients did not differ between groups in study 1 or 
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Figure 1. An original tracing from one patient that demonstrates forearm girth and forearm vein pressure changes (A) during upper arm 
venous occlusion at 40 mm Hg. This oe demonstrates that venous occlusion produces a gradual increase in forearm vein pressure in 


this subject while awake. Ten minutes 


er tracheal intubation, during propofol anesthesia (200 ug-kg '-min@'), the same venous 


occlusion produced a more rapid increase in forearm vein pressure and a greater absolute change in foreerm girth (right half of diagram). 
The downward arrow in each diagram represents the point at which absolute changes in forearm vein pressure and forearm girth were 
derived. This point was taken 40 s after stabilization of forearm vein pressure. 


study 2. Baseline hemodynamics recorded from 20 
patients while awake and 10 min after tracheal intu- 
bation are shown in Table 1. There were no differ- 
ences between groups in awake resting heart rate or 
blood pressures. Propofol produced a more profound 
reduction in both systolic and diastolic pressure com- 
pared with individuals receiving thiopental. 

Figure 1 is a representative recording from one 
patient while awake and after induction of anesthesia 
with propofol. Changes in forearm vein pressure 
were similar under both situations; however, the 
rapidity and magnitude of changes in forearm girth 
were markedly enhanced after the administration of 
propofol. Figure 2 summarizes the changes in the 
compliance curves produced by thiopental (left) and 
propofol (right) and illustrates a significant augmen- 
tation in the compliance curve (upward shift) during 
the administration of propofol. 

In the subset of eight patients in which the spectral 
edge of the electroencephalogram was recorded, the 
awake spectral edge averaged 19.1 + 2 in the group 
scheduled to receive propofol, whereas the awake 
spectral edge of the group scheduled to receive 


thiopental averaged 18.7 + 2.2. Ten minutes after 
tracheal intubation while ccntinuous infusions of 
these drugs were being administered, patients receiv- 
ing propofol had an average spectral edge of 11.6 + 
0.6, whereas those receiving thiopental had a mean 
spectral edge of 11.2 + 0.7. These changes were not 
significantly different. 

In patients receiving sedative infusion doses of 
propofol in study 2, end-tidal CO, and respiratory 
rate did not change. Systolic and diastolic blood 
pressure decreased significantly in the group receiv- 
ing propofol, whereas these variables were un- 
changed in the time control group (Figure 3). In 
addition, sedative doses of propofol produced a 28%— 
34% increase in the forearm volume compared with 
the baseline (before propofol) conditions. This con- 
trasted markedly with the stable response in the 
forearm of the time control g-oup (Figure 3). 


Discussion 


The present study has documented in healthy ASA 
class I and II individuals that anesthetic induction 
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Figure 2. Average compliance curves generated from patients while awake and anesthetized. The left panel demonstrates that thiopental 
administration (4 mg/kg bolus injection, followed by infusion at 200 ng-kg~'-min~') does not alter the compliance curve. The right panel 
demonstrates that propofol (2.5 mg/kg bolus injection, followed by infusion at 200 ug-kg~'-min™') produces a significant upward shift in 


the compliance curve. *P < 0.05. 


Table 1. Hemodynamic Responses to Induction of Anesthesia (Study 1) 


Thiopental infusion Propofol infusion 
Awake Awake 
baseline baseline 
value Anesthetized" value Anesthetized" A 
Heart rate 61.2 + 3.1 73.2 + 4.4 12.0 + 3.2" 58.6 + 3.9 67.7 + 3.2 9.1 + 3.5° 
(beats/min) 
Systolic pressure 145.0 + 9.8 138.0 + 6.9 -7.1 + 5.2 140.0 + 7.2 110.0 + 8.19 —30.0 + 9.8°4 
(mm Hg) : 
Diastolic pressure 72.7 + 5.9 77.5 + 3.9 4.8 + 4.1 73.9 + 2.9 62.8 + 4,24 -11.1 + 4.2% 
(mm Hg) 
Sample size 14 14 14 14 


Data are expressed as mean values + SEM. 

“Anesthetized data obtained 10 min after tracheal intubation. 
’P < 0.01, significant change (A) from awake baseline value. 
“P < 0.05, significant change (A) from awake baseline value. 
“P < 0.05, differences between groups. 


and maintenance with propofol produces larger de- 
creases in arterial blood pressure than with thiopen- 
tal. Ten minutes after tracheal intubation, systolic 
blood pressure had declined by 21%, and diastolic 
blood pressure had declined by 15% in patients 
receiving propofol. This contrasts markedly with 
those receiving thiopental in whom neither systolic 
nor diastolic pressure was significantly changed from 
awake baseline values. One mechanism whereby 
propofol produced hypotension has been docu- 
mented in the present study. We have demonstrated 
a propofol-mediated augmentation in venous compli- 
ance. It is estimated that approximately 70% of the 
circulating blood volume is contained within the 
venous system (13). Thus, it is conceivable that if the 
significant changes noted in the forearm veins occur 
throughout the vascular system during propofol ad- 


ministration, then decreases in cardiac filling pres- 
sures and, presumably, decreases in cardiac output 
would occur. 

The observed changes in the forearm veins pro- 
duced by propofol could be due to several mecha- 
nisms: (a) direct effects of propofol that alter the 
viscoelastic properties of the vascular smooth muscle; 
(b) indirect effects of propofol that lead to reductions 
in sympathetic outflow and sympathetically medi- 
ated venomotor tone; or (c) indirect effects of propo- 
fol to reduce circulating humoral substances involved 
in maintaining basal levels of venomotor tone. Sev- 
eral lines of evidence provide insights that help 
clarify these possible mechanisms. Goodchild and 
Serrao (8) studied chloralose-anesthetized dogs in 
which all neurogenic cardiovascular reflexes were 
abolished. The authors estimated changes in capaci- 
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Figure 3. The changes (å) in forearm volume recorded in study 2 
(during venous occlusion of 20 mm Hg) in four patients receiving 
propofol and in four patients serving as a time control and 
receiving only placebo (saline infusion) are depicted. Propofol 
caused a significant increase in forearm volume (*P < 0.05) 
compared with responses recorded in the control (before propofol) 
condition and compared with responses recorded in the time 
control group. Propofol also caused a significant decrease in 
average (X) systolic and diastolic blood pressure. 
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tance by quantitating the amount of intravenous 
volume necessary to maintain venous pressure and 
pulmonary artery occlusion pressure at control values 
during propofol administration. They demonstrated 
that lower blood concentrations of propofol selec- 
tively produced venodilation, whereas higher con- 
centrations produced both venous and arteriolar di- 
lation. They concluded that in the absence of 
neurogenic tone, propofol had direct actions on vas- 
cular smooth muscle. A second study (14) examined 
the vascular effects of propofol on isolated rat veins 
and arteries that were preconstricted with potassium. 
Propofol caused a direct relaxation of both venous 
and arterial smooth muscle, and the venous effects 
occurred at lower propofol concentrations than the 
arterial effects. 

Finally, several previous studies in humans have 
demonstrated that neurogenically mediated forearm 
venous tone is minimal: venous tone in the extremi- 
ties of resting supine patients is not altered by ad- 
ministration of a ganglionic blocking drug or by 
regional anesthesia (15). Moreover, the muscle veins 
of the forearm appear to react minimally to sympa- 
thetic stimuli (16,17), These observations, along with 
the previous in vivo and in vitro data, suggest that 
the effect of propofol on venous smooth muscle of the 
forearm is for the most part direct. 

Unfortunately, there is not a good routine clinical 
indicator of changes in venous tone during anesthetic 
induction. Some investigators have demonstrated 
reductions in cardiac filling pressures and central 
venous pressure during anesthetic induction with 
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propofol (9-11). However, these changes could be 
due to a reflection of decreases in myocardial func- 
tion, changes in the resistance ratio between precap- 
illary and postcapillary vessels, or venodilation. 
Another finding of interest in this study was the 
lack of a change in venous compliance in patients 
receiving sodium thiopental. This is in contrast to a 
previous study by Eckstein et al. (15) in 1961, in 
which a water plethysmograph was used to deter- 
mine pressure-volume curves in the forearm veins of 
relatively healthy surgical patients. The authors dem- 
onstrated a significant increase in forearm vein com- 
pliance during administratior: of thiopental. Patients 
received no premedication, as in the present study; 
however, measurements were made in the forearm 
after thiopental was titrated in doses sufficient to 
reduce mean arterial pressure by 10-15 mm Hg. The 
total dose of thiopental varied from 400 to 900 mg 
over periods that ranged from 20 to 40 min. Thus, it 
is possible that if higher doses of thiopental were 
used in the present study (sufficient to lower systemic 
blood pressure), an enhanced compliance of the 
forearm veins might have bzen evident. However, 
the present study design used more clinically rele- 
vant doses of thiopental to compare with propofol. 
The validity of the method used in this study is 
based on the likelihood that a-terations in the forearm 
pressure-volume relationship are strictly due to 
changes in postcapillary constriction or dilation. In- 
creases in arterial inflow to the forearm will increase 
the rapidity of the stabilization of forearm vein pres- 
sure during each venous occlusion (as noted in Figure 
1) but should not influence the absolute change ‘in 
forearm volume. The increased rate of filling ofthe 
forearm veins during propofol administration is 
strong evidence for arterial vasodilation. We do not 
wish to exclude this mechanism as an additional 
contributor to the hypotension noted during admin- 
istration of propofol. For example, administration of 
propofol clearly reduces peripheral arterial resistance 
in patients undergoing cardiopulmonary bypass (9) 
and in patients on a Jarvik-7 artificial heart (18). 
Moreover, in several studies (3,5-7,19) propofol has 
been shown to reduce myocardial function, although 
in some cases these changes in myocardial function 
could be attributed to reduct-ons in cardiac preload. 
Although this study is one of the first studies in 
humans to investigate the hemodynamic conse- 
quences of propofol without any other sedative/ 
anxiolytic premedication or coadministered inhaled 
or intravenous anesthetic and has provided clear 
evidence that propofol can increase compliance of the 
veins in humans, precise interpretation of our data 
has some inherent limitations. We cannot be certain 
that the infusion doses of thiopental and propofol 
chosen for this study were equipotent. Our initial 
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intent was to provide a dose-response relation with 
propofol and vein compliance. In preliminary stud- 
ies in two patients, induction of anesthesia with 
2.5 wg-kg—*-min™’ of propofol and maintenance at 
100 ug-kg”*-min™* was insufficient to maintain anes- 
thetic depth. In these patients, signs of lightening of 
anesthesia were noted 5 min after tracheal intubation 
(tachycardia, hypertension, and lacrimation). The 
EDs for propofol has been shown to be achieved 
with an infusion rate of 108 ug-kg~’-min~'; however, 
this was determined while N O was coadministered 
(6). We arbitrarily doubled the dose of propofol and 
found that it maintained a level of anesthesia of 
sufficient depth to complete the arm measurements. 

Although quantification of the spectral edge of the 
electroencephalogram is not a precise indicator of 
anesthetic depth, it may be reasonable. The spectral 
edge has been shown to be progressively reduced 
with increasing plasma concentrations of thiopental 
(20) and is transiently increased during periods when 
anesthetized patients have awareness (21). Thus, we 
believe that this measurement provides reasonable 
estimates of anesthetic depth in unstimulated pa- 
tients with normal cerebral perfusion and autoregu- 
lation. Both thiopental and propofol reduced the 
spectral edge to the same extent, suggesting that 
anesthetic depth was similar during the thiopental 
and propofol infusions. 

To provide some insight as to whether lower doses 
of propofol could cause venodilation, a second series 
of studies was carried out in eight subjects, four of 
whom received sequential infusions of propofol at 50 
and 100 yg-kg~'-min™! and four who served as time 
controls and received placebo infusions. It was ap- 
parent that propofol produced venodilation even in 
sedative doses, which did not result in loss of con- 
sciousness. Associated with this augmentation in 
venous compliance was a significant reduction in 
arterial blood pressure in the patients receiving 
propofol. These additional data raise the possibility 
that small doses of propofol produce near maximal 
changes in vein compliance. This issue could not be 
precisely addressed in our study because of problems 
in obtaining well-controlled dose-response relations 
(i.e., comparing low-dose infusion data in awake, 
spontaneous breathing patients with higher dose 
data in anesthetized, ventilated patients). However, 
the change in venous volume produced by a 20-mm 
Hg occlusion pressure was augmented by 28%—34% 
in patients receiving 50 and 100 ug-kg~!-min™* infu- 
sions of propofol. This augmentation was only 
slightly larger (37% + 6%) in patients who were 
anesthetized with a 2.5-mg/kg bolus injection, intu- 
bated, and maintained on a 200-ng-kg~*-min~* infu- 
sion of propofol. These data suggest that a large 
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proportion of the venodilating effect of propofol 
occurs at lower concentrations of the drug. 

In summary, we have demonstrated that sedative 
and anesthetic doses of propofol increase the compli- 
ance of the forearm veins in humans. Based on this 
study and the existing literature, we speculate that 
this effect is due to a direct influence of propofol on 
venous smooth muscle. If the change noted in the 
forearm bed occurs throughout the venous system, 
then it is likely that increases in venous capacitance 
contribute in an important way to the hypotension 
noted during the administration of propofol. These 
findings support the recommendations that judicious 
administration of intravenous fluids to replace fluid 
deficits and supplement intravascular volume could 
minimize the hypotension noted during the admin- 
istration of propofol anesthesia (9-11). 


We acknowledge the assistance of Deanne Trzcinko and Toni 
Denahan in all phases of this research. 
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Calcium Channels Are Involved in the Hypnotic-Anesthetic 
Action of Dexmedetomidine in Rats 


Gyöngyi Horvath, MD, Margit Szikszay, PhD, and György Benedek, MD, PhD 
Department of Physiology and Division of Health Visitors, Albert Szent-Györgyi Medical University, Szeged, Hungary 


Our study examined whether calcium channels are 
involved in the anesthetic action of dexmedetomidine 
(100-300 pg/kg), a highly selective a,-adrenoceptor 
agonist. To investigate this, we studied the effects of 
verapamil (1.25 or 2.5 mg/kg), a calcium channel 
blocker, and BAY K8644 (0.5 or 1 mg/kg), a calcium 
channel agonist, on the hypnotic-anesthetic effect of 
dexmedetomidine in rats. Loss of the righting reflex 
was used to determine the presence of anesthesia, 
and its length in minutes was referred to as the 


yecently there has been substantial interest 
shown in the anesthetic properties of the a,- 
drenergic agonists, e.g., clonidine and 
dexmedetomidine. Clonidine reportedly decreases 


the anesthetic requirements for both volatile anes- , 


thetics (1-5) and opioids (6,7) and has potent analge- 
sic properties (8). Moreover, clonidine reduces 
plasma catecholamine levels (7,9), improves hemody- 
namic stability (2-4,6,7,9-12), and does not worsen 
the respiratory depressant effect of opioids (13). 
Clonidine is not the most appropriate a,-adrenergic 
agonist for use in clinical studies because of its 
a,-agonist properties, which limit its anesthetic ac- 
tion (1,14). This has led to a search for more potent 
and specific az-receptor agonists. 

Dexmedetomidine is the pharmacologically active 
d-isomer of médetomidine, which has been charac- 
terized as a specific and selective a -adrenoceptor 
agonist (15-18): Moreover, it has been shown that 
dexmedetomidine reduces the anesthetic require- 
ments without adverse effects (19-22), and inhibits 
harmful sympathetic reflexes during intubation (23). 

The a,-agonists in themselves are able to produce 
a hypnotic-anesthetic action in animals (24-27). Cen- 
trally acting a-adrenergic antagonists (atipazemole, 
idazoxan) dose-dependently attenuated the hypnotic- 
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duration of hypnosis. Verapamil significantly en- 
hanced the duration of the hypnotic-anesthetic action 
of dexmedetomidine (P < 0.05). In contrast, BAY 
K8644 caused a significantly increased onset of hyp- 
nosis (P < 0.001) and attenuated the anesthetic prop- 
erty of dexmedetomidine. These results suggest that 
the hypnotic-anesthetic action of dexmedetomidine is 
influenced by the activation/gating of calcium chan- 
nels. 

(Anesth Analg 1992;74:884-8) 


anesthetic action of dexmedetomidine in rats (26). 
The exact mechanism of the hypnotic-anesthetic ac- 
tion of the above drugs is unknown, but it is pre- 
sumed to involve effects on both presynaptic and 
postsynaptic a,-adrenoceptors in the central nervous 
system (19,20,25). 

It has recently been demonstrated that az-receptor 
activation by clonidine decreases the intrasynaptoso- 
mal free Ca** level (28). It has been proposed that 
this decrease in intracellular Ca** is primarily due 
to the closure/gating of voltage-sensitive calcium 
channels in the neuronal membrane (29). These in 
vitro results raise the possibility that the anesthetic 
action of a,-agonists could somehow be connected 
with the calcium channels. No attempt has been 
made to study, in vivo, the possible interactions 
between dexmedetomidine and drugs that affect the 
calcium channels directly. Calcium channel blockers 
are widely used drugs with beneficial cardiovascular 
effects that promote their application in anes- 


- thesiology. (For an excellent review, see Reves et 


al. [30].) Furthermore, it has been reported that 
calcium antagonists increase the potency of various 
anesthetics (31-35) as well as analgesic (36) drugs in 
animals. 

The purpose of this study was therefore to deter- 
mine whether the hypnotic-anesthetic action of 
dexmedetomidine in rats can be influenced by a 
calcium channel agonist (BAY K8644) or an antago- 
nist (verapamil). 


©1992 by the International Anesthesia Research Soctety 
0003-2999/92/$5.00 
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Methods 


Male Wistar rats weighing 150-250 g were used. The 
animals were kept on a 12 h light/12 h dark cycle with 
food and water ad libitum. All experiments were 
carried out in the same period of the day (8 AM to 
1 pm) to exclude diurnal variations in pharmacologic 
effects. Each rat was tested only once. 

Loss of the righting reflex was used to determine 
the presence of anesthesia, and its length in minutes 
is referred to as the duration of hypnosis. This 
technique is widely used for the assessment of anes- 
thesia in rodents, and good agreement has been 
observed between the results with general anesthet- 
ics presented in various papers (37). Hypnosis was 
regarded as the state in which an animal could be 
placed on its back without righting itself. To deter- 
mine the dose dependency of the hypnotic-anesthetic 
action of dexmedetomidine in Wistar rats, the drug 
was administered in increasing, but small doses 


(100-300 ug/kg) and both the onset and duration of 


hypnosis were measured. To investigate the role of 
the calcium channels in the hypnotic-anesthetic ac- 
tion of a,-adrenoceptor agonists, verapamil (1.25 or 
2.5 mg/kg) or BAY K8644 (0.5 or 1 mg/kg) was 
administered simultaneously with dexmedetomi- 
dine. Higher doses of BAY K8644 than 1 mg/kg were 
not tested, because it reportedly produces toxic be- 
havioral side effects (38). In our previous paper we 
used similar doses of verapamil for the potentiation 
of anesthesia (39). 

All drug solutions were made up immediately 
before their injection and were administered by the 
intraperitoneal (IP) route, except for verapamil, 
which was injected subcutaneously. Injection vol- 
umes were adjusted to 2 mL/kg in all instances. 

Dexmedetomidine HCI was a gift from Farmos- 
Group Ltd. (Turku, Finland), verapamil HCl was 
purchased from Orion (Helsinki, Finland), and BAY 
K8644 was a generous gift from Bayer AG (Le- 
verkusen, Germany). 

The duration of hypnosis is reported in minutes as 
the mean + sem. Data were analyzed for statistical 
significance by using analysis of variance. Probability 
less than 0.05 was considered significant. Post hoc 
comparisons were made with Student's t-test. 

The experimental protocol was approved by the 
Animal Investigation Committee of Albert Szent- 
Györgyi Medical University. 


Results 


Dexmedetomidine induced a hypnotic state in rats 
(Table 1). The duration of hypnosis was dose- 
dependent between 175 and 300 ug/keg [F(2,12) = 
15.85, P < 0.001; EDsy = 150.54 g/kg] coadministra- 
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Table 1. Hypnotic-Anesthetic Action of Different Doses 
of Intraperitoneal Dexmedetomidine in Rats 


Dose Onset Duration 
(ug/kg) nain (min) (min) 
100 0/6 0 0 
150 1/5 30.0 = 0.0 28.0 + 0.0 
175 5/6 16.0 = 1.8 63.4 + 5.6 
200 5/6 12.6 = 1.5 92.6 + 11.7 
300 5/6 8.8 = 0.4 168.2 + 19.6 


na, number of rats falling asleep as a retio as the total number (n), 
Values are expressed as mean + SEM. 


100 150 200 pg/kg 


Figure 1. Influence of verapamil (2.5 mg/kg, SC) on the hypnotic- 
anesthetic action of different doses of dexmedetomidine (W, 
dexmedetomidine alone; @, dexmedetomidine + verapamil). Each 
value represents the mean + sEM for n = 6-8 rats. 


tion of 2.5 mg/kg verapamil enhanced the hypnotic- 
anesthetic action of lower doses of dexmedetomidine 
(Figure 1). Two-way analysis of variance revealed 
significant differences between dexmedetomidine 
alone and dexmedetomidine — verapamil treatment 
[F(1,42) = 8.14, P < 0.01]. The statistical interaction of 
two main effects (dexmedetomidine doses and vera- 
pamil treatment) was not significant [F(2,42) = 0.46]. 

Coadministration of 1 or 2.5 mg/kg verapamil with 
a given effective dose of dexmedetomidine 
(200 ug/kg) resulted in an increased duration of 
hypnosis [F(2,15) = 3.95, P < 0.05] without altering 
onset time of hypnosis (Figure 2, left). 

The calcium channel agonist BAY K8644 caused 
significantly increased onset of hypnosis [F(2,12) = 
64.73, P < 0.001]. The duration of hypnosis tended to 
decline (Figure 2, right). 


Discussion 


Our study indicates that the hypnotic-anesthetic ac- 
tion of the a-adrenergic agonist dexmedetomidine 
could be enhanced by the calcium antagonist vera- 
pamil and could be attenuated by the calcium agonist 
BAY K8644. The results seem to support the idea that 
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Figure 2. The effect of verapamil (left) and BAY K8644 (right) on the 
hypnotic-anesthetic action of dexmedetomidine (200 ug/kg, IP) in 
rats. Open columns indicate the duration of hypnosis in minutes. 
Doited columns show the onset of hypnotic-anesthetic action in 
minutes. Each column represents the mean + sgm. Figures in the 
columns indicate the number of rats falling asleep as a ratio of the 
total. *Treatment values significantly different from their respective 
control values. 


the hypnotic action of dexmedetomidine can be af- 
fected by modulation of transmembranous calcium 
movement in the central nervous system. 

There is strong experimental evidence that calcium 
channel blockers have a rather broad scope of action, 
influencing various neuronal processes (40). Addi- 
tionally,-Maze et al. (31) reported that the anesthetic 


requirements for halothane were reduced by vera- | 


pamil in dogs. Dolin and Little (32-34) subsequently 
found that structurally dissimilar calcium antagonists 
(e.g., verapamil, nifedipine, flunarizine) uniformly 
increased the anesthetic potency of a variety of struc- 
turally dissimilar drugs (i.e., pentobarbitone, mida- 
zolam, ethanol, argon, and nitrous oxide) in rodents, 
although the calcium antagonists themselves do not 
produce a state of anesthesia. The fact that calcium 
channel antagonists potentiate the anesthetic effect of 
nitrous oxide, which is not metabolized at all, seems 
to contradict a pharmacokinetic explanation of the 
phenomenon of potentiation (33). Dolin and Little 
suggested that calcium channel blockers exert non- 
selective effects, and anesthetic agents may alter the 
state of the calcium channels. 

There is considerable evidence for the presence of 
more than one type of calcium conductance in the 
membranes of almost all excitable cells (41). Voltage- 
sensitive calcium channels have been divided into 
three major classes, termed L, N, and T, based on 
their conductances and sensitivities to voltage (40- 
44). All calcium channel antagonists used (e.g., ni- 
fedipine, nimodipine, verapamil) exert their pharma- 
cologic activity against only the L-type channel. 
However, a calcium channel agonist/activator, BAY 
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K8644, elevates calcium influx by increasing the 
opening probability of L-type, but not T- or N-type 
channels (42,43). There is evidence that N- and 
L-type calcium channels coexist in neurons (for a 
review, see Tsien et al. [41]). The N-type channel, 
which has only been described in neurons, is insen- 
sitive to these agents; it appears to play the predom- 
inant role in the calcium-mediated release of trans- 
mitters (40-46). 

To date, only certain in vitro studies have proved 
the interaction between the a,-adrenoceptors and 
calcium channels at a biochemical level. Adamson et 
al. (28) demonstrated that the synaptosomal free 
Ca** concentration is reduced by clonidine and in- 
creased by idazoxan, an a,-antagonist. It has been 
proposed that this decrease in intracellular Ca** is 
primarily due to closure of the voltage-sensitive cal- 
cium channels in the plasma membrane (29). Lib- 
scome et al. (46) proved that the a-adrenergic inhi- 
bition of sympathetic neurotransmitter release is 
mediated by the modulation of N-channel gating. 
Moreover, it was demonstrated that an L-type chan- 
nel agonist-induced enhancement of noradrenaline 
release was fully additive to the facilitatory effect of 
the a,-adrenoceptor antagonist yohimbine (47). It 
also was observed that clonidine decreases Ca?* 
accumulation in the synaptosomes by inhibiting N- 
but not L-type voltage-sensitive calcium channels 
(29), although a coincubation with an L-type channel 
antagonist further potentiated the above-mentioned 
effect (48). The experimental evidence supports the 
view that interactions between drugs acting on the 
a,-adrenoceptors and calcium channel blockers may 
be based on a coactivation of different subtypes of the 
calcium channel. 

The biochemical processes involved in the a,- 
adrenoceptor-mediated closure of the N-type calcium 
channels are unclear, although the involvement of 
guanosine triphosphate-binding proteins has been 
proposed (49). The G-protein-mediated inhibition of 
voltage-dependent calcium channels by noradrena- 
line has been demonstrated (50). It has been proved 
that pertussis toxin, a specific inactivator of inhibitory 
G-proteins, is involved in the functioning of the 
a,-adrenoceptor-effector mechanism (47). These in 
vitro findings were confirmed by Doze et al. (51), 
who demonstrated that the hypnotic-anesthetic ac- 
tion of dexmedetomidine in rats involves an inhibi- 
tory G-protein-mediated process. 

There is a further beneficial feature of the interac- 
tion reported here between calcium channel blockers 
and dexmedetomidine: whereas the hypnotic- 
anesthetic effect seems to be facilitated, the periph- 
eral postsynaptic a,-adrenergic vasoconstrictor effect 
of a,-agonists is reduced by calcium channel blockers 
(52). The calcium entry blockers attenuate the acute 
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hemodynamic changes and reverse the coronary con- 
strictor effect of dexmedetomidine (53,54). Further- 
more, dexmedetomidine decreases cerebral blood 
flow (55), whereas calcium channel blockers increase 
it (56). It may well be that the potentiated hypnotic 
state produced by coadministration of these drugs is 
not due to a generalized vascular effect. 





We gratefully acknowledge the Farmos-Group LTD for providing 
dexmedetomidine, and Ildiko Kiss and Gabriella Sipos for excellent 
technical assistance. 
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“The duration of action 
of mivacurium 
defines a new class of 
non-depolarizing 
neuromuscular blocking drugs. ~ 


New MIVACRON 
The firstand only sno 


Duration of action and 
Spontaneous recovery profile 
approximately one-third to 
one-half that of intermediate 
agents such as atracurium 

or vecuronium 


Profound 
neuromus- 
cular block 





Recommended initial adult dose 

The recommended initial adult bolus dose 
of 0.15 mg/kg (administered over 5 to 15 seconds) 
provides profound neuromuscular block. 





Generally 
good to 

excellent 
intubating 
conditions 





Useful for routine intubation 
MIVACRON provides generally good to 
excellent intubating conditions in 2.5 minutes at a 
dose of 0.15 mg/kg. Succinylcholine remains the 
drug of choice for rapid sequence intubation. 


Short 
duration 0 
action 





Well-suited for short procedures 

Duration of clinically effective block (time to 
25% recovery of T+) following injection of 0.15 mg/l 
is 16 minutes, making MIVACRON excellent for 
short procedures. 


from Burroughs Wellcome Co. 


acting nondepolarizer 


Reduce spontaneous recovery time §=—*””*se etal found... 


3y up to 50% vs vecuronium Fast recovery following bolus 
Duration of or infusion 
continuous infusion = Recovery times (min) m ee 
(min) Off-25%* 25-75% 5-95% 95 4 


90 





wecuronium 96.8+6.6 12.7+1.3t 13.8+0.9} 32.0+1.248 
n=18) 


tracurium 91.3+2.9 12.5+0.6t 10.9+0.3t 26.6+0.41 
n=22) 


TWITCH HEIGHT (% of control) 


\dapt ted, from Ali et al, p. 544 2 *Time from discontinuation of infusion to 25% re- 
overy. 'P<0.01 atracurium or vecuronium vs MIVACRON; #P<0.001 vecuronium 





s MIVACRON; $P<0.05 vecuronium vs atracurium. 5 
0 | 
Noncumulative 0 5 10 15 20 25 30 35 40 90 95 100 105 
Continuous infusion of MIVACRON for up TIME (Min) AFTER START OF ADMINISTRATION 


«0 2.5 hours is not associated with the development Hen SATS er 
Mf tachyphylaxis or cumulative neuromuscular 

slocking effects in ASA Physical Status |-II patients. 

steady-state levels of block are rapidly achieved with 

ninimal adjustment to the infusion rate. Limited data 

ire available on MIVACRON (a mixture of three 

somers) for infusions longer than 2.5 hours. 





New 

MIVACRO NI Somi 
(mivacurium chloride) 

ohort duration, fast recovery 


Please see full prescribing information for MIVACRON® and brief summary for Tracrium® (atracurium besylate 
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following this ad. 


New MIVACRON 


Up to half the durato! 


Excellent cardiovascular 
profile at recommended doses 


% of patients with 30% change 


MIVACRON MAP HR 
Initial Dose* ai Ghd eee ae 
(mg/kg) 4 T 4 T 
0.20! 30% 0% 0% 8% 


0.25! 39% 2% 0% 14% 


“During opioid/N,0/0, anesthesia. 
‘Experimental dose, in excess of the maximum recommended dose of 
0.15 mg/kg. 


Minimal CV effects 


At the recommended initial dose of 
0.15 mg/kg, cardiovascular response to MIVACRON 
is minimal. Higher doses may produce effects 
associated with histamine release and may result in 
a decrease in blood pressure in some individuals. 
The incidence and magnitude of these hemodynamic 
changes are related to size of the dose and speed of 
the injection. In patients with clinically significant 
CV disease, the initial dose of MIVACRON should 
be administered over 60 seconds. 


Metabolized by 


plasma cholinesterase 

Like succinylcholine, MIVACRON should 
be used with caution in patients with reduced 
plasma cholinesterase activity. In patients hetero- 
zygous for the atypical plasma cholinesterase gen 
clinically effective duration may be prolonged by 
approximately 10 minutes. Homozygous patients 
(1 in 2500) are extremely sensitive to MIVACRO! 
MIVACRON should be used with great caution, If 
at all, in homozygous patients. 

However, unlike succinylcholine, once 
recovery has begun, MIVACRON can be reversec 
with conventional doses of neostigmine. 


Individualization of dosages 
> Significant CV disease 


> Obese patients 
> Renal or hepatic disease 


> History suggesting greater sensitivi 
to release of histamine 


from Burroughs Wellcome Co. 


nalt tne recovery time 


A nondepolarizing alternative to Plus... 


succinylcholine for elective > For use by bolus or infusion 
outpatient surgery » Ready-to-use solution 
Timeto Timet > Room temperature storage 
max. block recovery o l 
n  (min*  T=10% (min)* > Available in 5 mL and 10 mL vials 

succinylcholine (2 mg / mL) and 50 mL premixed 

1.0 mg/kg 9 1.1+0.2 (1+14 infusion bags (0.5 mg/mL) 
"Adapted from Caldwell et al, p.395.' *P<0.05 succinylcholine vs MIVACRON. 1.Caldwell JE, Heier T, Kitts JB, Lynam DP, Fahey MR, Miller RD. Comparison of 


the neuromuscular block induced by mivacurium, suxamethonium or atracurium 
during nitrous oxide-fentanyl anaesthesia. Br J Anaesth. 1989-:63:393-399. 

2. Ali HH, Savarese JJ, Embree PB, et al. Clinical pharmacology of mivacurium 
chloride (BW B1090U) infusion: comparison with vecuronium and atracurium. 


-in those clinical situations in which Br J Anaesth. 1988;61:541-546 


Caldwell et al concluded... 


l 3. Savarese JJ, Ali HH, Basta SJ, et al. The clinical neuromuscular pharmacology 
| ' ' of mivacurium chloride (BW B1090U): a short-acting nondepolarizing ester 
rapid onset of action IS not required, neuromuscular blocking drug. Anesthesiology. 1988;68: 723-732. 


mivacurium is an alternative to [succinyl- 
choline] for production of profound neu- 
romuscular block of short duration. "»3% 


New 

MIVAGRO NI og 
(mivacurium chloride) 

hort duration, fast recovery 


Please see full prescribing information for MIVACRON® and brief ede for Tracrium® (atracurium besylate) following this ad. 








MIVACRON® INJECTION 


MIVACRON PREMIXED INFUSION 
(MIVACURIUM CHLORIDE) 


This drug shouid bo administered only by adequatly trained individuals farniiar with îs acions, characters, 
azards. 


DESCRIPTION: MIVACRON (mivacurium chloride) is a nondepolarizing skelstal muscle relaxant 
for Intravenous administration. Mivacurtum chloride is [F-{A*, R*-(E)[}+2,2'4(1 ,8-diaxo-4-octane-1 ,8-diyfbis{oxy- 
ee ee 1483, 

dichloride. The molecular formuta Is CecHaoCleNeO and the molecular weight Is 1100.18. The structural formula 
is: 





OCH; 


The partion coefficient of the compound is 0.015 In a 1-octanoldistilled water system at 25°C. 
Mivacurium chloride is a mbdure of three stareotsomors: (1A, 1°A, 2S, 2°S), the rans-trane diester; (17, T'R, 
2A, 2°S,, the cie-rans diester, and (1R, 1R, 2R, Z A, the de-ci destar. The tans-fens and chHrans stensoisomers 
comprise 02% to 98% of mivacurium chloride and their neuromuscular blocking potencies are not 
dierent from each other or from mivecurium chloride. The cis-cis disstar has been estimated from studies in 
cats to have one-tenth the neuromuscular blocking potency of the other two stereoisomers. 
MIVACRON Injection bs a sterle, non-pyrogeric solution (pH 3.5 to 5.0) containing mivacurium chloride 
equivalent to 2 mgm mivacurium in Waker for Injection. Hydrochioric acid may have been added to adjust pH. 
MIVACHON Premixed Infusion is a sterile, non-pyrogenic solution (pH 3.5 to 6.0; 280 mOsmol/L-measured) 
containing mivacuium chloride equivalent to 0.5 mgimL mivacurtum in 5% Dextrose Injection USP. Hydrochtoric 
acid may have been added to adjust pH. 
CLINICAL PHARMACOLOGY: MIVACRON (a mixture of three sterecisomers) binds competitively to 
chofinergic receptors on the motor end-ptate to antagonize the action of acetylcholine, resulting In a block of 
neuromuscular transmission. This action is antagonized by acetyicholinasterise Inhibfiors, such as neostigmine. 
The tine to maximum neuromuscular block Is similar for recommended doses of 
MIVACRON and intermediate-scting agents (e. g., atracurium), but longer then for the ultra-short-acting 
agent, succinyicholine. The clinically effective duration of action of the stereoisomers in MIVACRON (a 
mbcture of three sterootsomers} is one-third to one-half that of intennediate-acting agents and 2 to 2.5 times 
thai of succinyicholine. 
The average EDes (dose required to produce 96% suppression of the adductor pollicis muacis twitch reeporse 
io ulnar nerve siimutalion) of MIVACRON is 0.07 moig (range: 0.06 to 0.09} in adults receiving oploid/nitrous 
axdda/oxygen anesthesia. The pharmacodynamics of doses of MIVACHON 2EDes administered ower 5 io 15 seconds 
during oplaktindirous oxideroxygen anesthesia aro summarized in Table 1. Tha mean Eme for sponteneous recovery 
of the twitch response from 25% to 75% of control ampituda is about 6 minutes (range: 3 io 9, n=32) 
following an initia! dose of 0.15 mg/kg MIVACRION and 7 to § minutes (range: 4 to 24, n=85} following iniiai 
doses of 0.20 or 0.25 mg/kg MIVACRON. 
Yolaiile anesthetics may decraase the dosing requirement for MIVACRON and prolong the duration of 
action; the magnitude of these affects may be increased as the concentration of the vclatile agent is 
increased. lscfurane and enflurans (admmistered with nitrous oxida/oxygen to achieve 1.25 LAAC [Minimum 
Atveolar Concentration} mey decrease the effective dose of MIVACRON by as much as 25%, and may prolong 
the clinically effective duration of action and decrease the average infusion requirement by as much as 
35% to 40%. Ai equivalent MAC values, halothane has iiie or no effact on the EDw of MIVACRON, bul may 
prolong the duration of action and decrease the average infusion requirament by as much as 20% (soe 
Individvalization of Dosages subsection of CLINICAL PHARMACOLOGY and Drug interaction subsection 
of PRECAUTIONS}. 


Table 1 
Pharmacodynamic Dose Response During Optoid/Nitrous Oxide/Oxygen Anosthesia 


Time to Spontansous Recovery’ 


TaT 

a 
Recovery | Recover | Recovery 275% 
{min} {min} {min} {min} 


0.07%00.10 [n47] 


0.15 [n—5Q} 
0.20 [n50 
025 {n—48] 


Children 2 to 12 Years 
0.11 t0 0.12  [nmi7} 


[n=18] 
[n=] 


Waluss shown are modians of moans from individual studies (range of individual patient vale). 

2Ciinically effective duration of neuromuscular block. 

[Data available for as fow as 40% of adults in specific dose groups and for 22% of children in the 0.20 mg/kg 
dose group due to administration of reversal agents or additional doses of MIVACRON prior to 95% 
recovery of T/T; ratio recovery to 275%. 

Administration of MIVACRON over 60 seconds does not alter the ime to madum neuromuscular block or the 

duration of action. The duration of action of the starsolsomers in MIVACRON may be prolonged in patients with 

reduced plasma cholinesterase (pseudocholinesterase) activity (see Reduced Pisema Cholinesterase 

Activity subsection of PRECAUTIONS and Individualization of Dosages subsection of CLINICAL 

PHARMACOLOGY}. 

interpationt variability in duration of action occurs with MIVACRON as with other nauromuscular blocking agents. 

However, analysis of data from 224 patients in clinical studies receiving various doses of MIVACRON during 

opiokd/nitrous oxkla/oxygen anesthesia with a variety of premedicanta and varying lengths of surgery 

indicated that approximately 90% of the patients had clinically effective durations of block within 8 minutes of 





the median duration predicted from the dose-response data shown In Table 1. Variationa in plasm 
chotinesterase activity, Including values within the normal range and values as low as 20% below the lower km- 
of the normal range, were not associated with clinically significent effects on duration. The In durako 
ee See Pec we rel emrcesorane ACONI ator elginy below tha loyer Unk ot fi 
range. 
A dose of 0.15 mg/kg (2 x ED) MIVACRON administered during the induction of thlopentalopiokdnttrou> 
oxidefoxygen anesthesia produced ly good-to-eacellant conditions for tracheal intubation in 2 
minutes. Doses of 0.20 and 0.25 mg/kg (3 and 3.5 x EDs) ylekded eénikar conditions in 2.0 minutes. 
Repeated administration of maintenance doses or continuous infusion of MIVACRON for up to 2.5 hours bs n 
eseociated with development of tachyphylexds or cumulative neuromuscular blocking effects ln ASA Physics 
Status HI palienis. Limed data are aveviable from palenta receiving infusions for longer then 2.5 hours, Spantansou 
recovery of neuromuscular function afar infusion le independent of tha duration of Intualon and companabh: 
to recovery reported for single doses (Table 1). 
The neuromuscular block produced by the starsotsamers In MIVACRON Is readily antagonized by aniicholinestansar 
agents. As seen with other nondepotarizing neuromuscular blocking agents, the more profound the: 
neuromuscular block at the time of reversal, the longer the time and the greater the dose of anticholinestarass» 
agent required for recovery of neuromuscular function. 
In children (2 to 12 years), MIVACRON has a higher EDs (0.10 mg/g), faster onset, and shorter duration œ 
action than in adults. The mean tine for spontaneous recovery of fhe twitch response from 25% to 75% of contro 
amplitude fs about 5 minutes (re=4) following an initial dose of 0.20 mg/kg MIVACRON. Recovery following naversa> 
he faster in chiktren than in adults (Table 1). 
Hemo : Administration of MIVACRON In doses up to and mehudin 0.15 mg/kg (2 x EDs) ower 5 to 
15 seconde to ASA Physical Status H! pattents during oplokV/nitrous oxideyoxyyen anesthosla iz assoctatad 
with minimal changes In mean artartal blood pressure (MAP) or heart rete (HR) (Table 2), 


Table 2 
Cardiovascular Dose Response During Oplokd/Nitrous Oxide/Oxygen Anesthesia 





initiat % of Pattents With 230% Change 
i o o 
Dose 
(roa pe | ™ | œ | m 
Adults 
0.07 to 0.10 0% 2% 0% 0% 
0.15 4% 4% 4% 2% 
0.20 30% 0% 0% 8% 
0.25 39% 2% 0% 14% 
Children 2 to 12 years 
0.41 to 0.12 0% 6% 0% 0% 
0.20 0% O% 0% 0% 
0.25 13% 0% 0% 


Higher doses of 20.20 mg/kg (23 x EDes) may be associated with transtant decreases in MAP and increases 
in HR in some patients. These decrsases in MAP are usualy maximal within 1 to 3 minutes folfowing the dose, 
resolve without treatment in an additional 1 to 3 minutes, and are usually associated with Increases 
in plasma histamine concentration. Decreases in MAP can be minimized by administering MIVACRON over 
30 or 6 seconds (see individualization of Dosages subsection of CLINICAL PHARMACOLOGY and» 
Genera} subsection of PRECAUTIONS}. 
Analysis of 426 patients in clinical stucties receiving initial dosos of MIVACRON up to and including 0.30 moke 
(Le. 2 times the recommenced Intubating dose) during oplolid/ndrous oxidevoxygon anesthesia showed thai» 
high initial dosos and a rapid rite of injection contributed to a greater probability of axperiencing a decrease 
of 2 90% in MAP aflar MIVACRON administration. Obees pationie also had a greater probability of experiencing 
a decrease of 230% in MAP when dosed on the basis of actual body weight, thereby receiving a larger dose 
than H dosed on the besis of ideal body weight (see Individualization of Dosages subsection of CLINICAL 
PHARMACOLOGY and the General subsaction of PRECAUTIONS). 
Children experience minimal changes in MAP or HR after adminisiration of MIVACRON doses up fo and includings 
0.20 mg/kg over 5 to 15 seconds, but higher doses (20.25 mg/kg) may be associated with transient decreases 
in MAP (Table 2). 
Following a dose of 0.15 mg/kg MIVACRON adminisiered over 60 seconds, adult patients with significant 
cardiovascular disease undergoing coronary artery bypass grafting or valve replacement procedures showed 
no clinically importent changes in MAP or HR. Transient decreases in MAP were observed in some patients 
after doses of 0.20 to 0.25 morvkg MIVACRON administered over 60 seconds. Tha number of patiants in whom 
these decreases in MAP required treatment was smal. 
Pharmacokinetics: Table 3 describes the results from a study of 9 ASA Physical Status }-i! aduit patients {31 
to 48 years) receiving an Infusion of MIVACRON at 5 j19/kg/min for 60 minutes fobowed by 10 19/ko/min for 
80 minutes. MIVACRON is a mbdure of isomers which do not Interconvert h wo. The mivacurtum phennacoidnatic 
parameters presented in Tabio 3 were determined using a stereospecific aseay. The two mors potent 
isomers, cis-trane (36% of the mixture) and fans-trans (57% of the mbdure), have very high clearances that 
exceed cardiac output reflecting the extensive metaboliam by plasma cholinasierase. The volume of 
distribution Is relatively small, refiecting lenfted tissue distribution secandery to the polarity and large 
molecular weight of mivecurium. The combinaiion of high meiabolic clearance and low cistribution volume results 
in the short elimination haif-ife of approximately 2 mirruies for the two active Isomers. The short elimination hel- 
lives and high metabolic clearances of the active somers are consistent with the short duration of action of 
MIVACRON. The steady-state concentrations of the cis-trans and frans-trans isomers doubled alter the 
infusion rate was increased from 5 to 10 jg/kg/min, indicating thai thoi phannacokinotics are dose- 


proportional. 
Table 3 


Stereolsomer Pharmacokinetic Parameters’ of MIVACRON In ASA Physical Status I- 
Adult Patients? [n=9] During Optold/Mitrous OxidaOaxygen Anesthosia 





Values shown are mean (range). 
2Ages 31 to 48 years. 
The cis-cie gamer (6% of the mixture) has approximately one-tenth the neuromuscular blocking potency of tre 


frans-trans end: cis-trans isomers in cats. In the nine patients shown in Table 3, the volume of distribution of 
the cls-cis isomer averaged 0.31 Lig (range: 0.18-0.48), the claaranca averaged 4.2 mL/min‘kg (range: 2.4- 
5.4), and the hali-ife averaged 55 minutes (range: 32-102). The neuromuscular blocking potency of the cis- 
cis bomer in humans hes not baeni established: however, modeling of clinical pharmecokinelic-phannacodynamic 
data suggests that the cie-cfs isomer produces minimal (<5%) neuromuscular block during a two-hour 
infusion. In studies in which infusions of up to 2.5 hours were administered to ASA Physical Status I 
patients, the 25%-75% recovery tines were Independent of the duration cf infusion, suggesting that the cis- 
cis boma does not contribuie significant neuromuscular block during use for up to 2.5 hours. Limited data are 
avaliable from infustone of longer duration or from patients wiih compromised elimination capaciiies (hepatic 
or renal failure). 


Metebolem and Excretion: Guzymnaiic hydrolysis by plesme cholineslerise is the primary mechartsm: for inactvalion 
of mivecurlum and yleids a qustemary alcohol and a quetemery monoester metabolite. Ronei and bilary excretion 
of unchanged mivacurium are minor elimination pathways; urine and bie are important okr ination patrways 
for the two metabolites. Toasts in which thess bro metabolites wore administered to cats and dogs suggest tha! 
each metabolite is unlikely to produce clinically significant neuromuscular, autonomic, or cardiovascular 
sitects folowing administration of MIVACRON. 


Special Populations: The pharmacokinetics of mivecurlum isomers has not been studied h the elderly or in 


thal reduced clearance of one or more isomers is responsible for the tanger duration of action of MIVACRON 
seen in pailents wath end-stage kidney or fiver disaase. The dala did not provide a pharmacokinetic explanation 
for the 15-20% longer duration of block seen in the ekterly. Tables 4 and 5 summarize the pharmacodynamic 
results in these special populations as compared with young adults {ages 18 to 49 years). No data are 
avallable from patients with Kidney or liver disease not requiring transplantation. 


Table 4 
Pharmacodynamic Pararosters’ of MIVACRON In ASA Physical Status HI 
Young Adult Patiente and Ekderty Patiente During leoflurane/Mitrous Oxdde/Oxygen Anesthesia 





Values shown are mean (range). 
2Time from Injection to 25% recovery of the contro! twitch height. 


Ranai: The clinically effective duration of action of 0.15 moky MIVACHON was about 1.5 times: longer in patients 
with end-stage kidney diecase then in haaltivy pallents, presumably due ip reduced clearance of one cr more 
lpomers. 


Hepatic: The clinically offective duration of action of 0.15 mg/kg MIVACRON was three times longer in 
patients with end-stage iiver dissase than in healthy patients and is koly related to the markedly decreased 
plasma cholinestarase activity (30% of healthy patient valios) which could decrease the clearance of one or 
more isomers (see Reduced Plasma Chofinesterses Activity subsection of PRECAUTICNS). 


Table 5 
Pharmacodynamic Pararostars' of MIVACRON In ASA Physical Status HI Patents and in Patients 


Undergoing Kidney or Liver Transplantation During lsoflurana/Nitrous Oxide'Oxygan Anesthesia 





'Vatues shown are mean (range). 
2Time from infection to 25% recovery of the control twitch height. 
Hiver transplant patients received Isoflurane without nitrous oxide. 


individualization of Doszgee: DOSES OF MIVACRON SHOULD BE INDIVIDUALIZED AND A PERIPHERAL 
NERVE STIMULATOR SHOULD BE USED TO MEASURE NEUROMUSCULAR FUNCTION DURING 
MIVACRON ADMINISTRATION IN ORDER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOR 
ADDITIONAL DOSES, AND CONFIRM RECOVERY FROM NEUROMUSCULAR BLOCK. 

Based on ihe known actions of MIVACRON (a mixture of three stereoisomers) and othar neuromuscular blocking 
agents, the following factors should be considered when administering MIVACRON: 

Rensi or Hapee impaimant: A dose of 0.15 mgkkg MIVACRON is recommended for faciition of tracheal Intubalion 
in patients with renal or hepalic impairment. However, the clinically affective duntion of block produced by this 
dose is about 1.5 times longer in patients with end-slage kidney disease and about 3 times longer in patiants 
with end-stage liver disease than in patients with normal renal and hepatic function. Infusion rates should be 
decreased by as much as 50% In these patients depending on the degree of renal or hepatic Impairment (see 
Renai and Hepatic Disease subsection of PRECAUTIONS). 

Reduced Plasma Cholinesterase Activity. The possiblity of prolonged neuromuscular block following 
administration of MIVACRON must be considered In patients with reduced ptasma cholinesterase 
(paeudocholinesterasa) activity. MIVACRON should be used with greet caution, IT at all, in patients known or 
suspected of being homozygous for the atypical plasma cholinesterase geno (see WARNINGS). Doses of 0.03 
mgkg produced complete neuromuscular block for 26 to 128 minules in three such patients: -hus Initial doses 
greater than 0.03 mg/kg are not recommended in homozygous patients. Intustons of MIVACRON are not 
recommended in homozygous patients. 

MIVACRON has been used satety in patients haterozygous for the atypical plasma cholines‘arase gene and 
In genotypically normal patients with reduced plasma cholinestorase activity. After recommended Intubating 
doses of MIVACHON, the clinically effective duration of black in heterozygous patients may be approximately 


10 minutes longer than in patients with norma! ganotypa and normal plasma cholinesterase acfivity. Lower 
MIVACRON infusion rates are recornmendad in these patiaris (soe Reduced Pissma Cholinesterase 
Activity subsection of PRECAUTIONS). 

Drugs or Condillons Causing Potentéstion of or Heeistance to Neuromuscular Biocic As with other neuromuscular 
blocking agents, MIVACHON may have profound neuromusculer blocking effects in cachectfic or debditated pallents, 
petionts with neuromuscular diseases, and patients with carctnomatos’s. In theee or other patients In whom 
potentiadion of neuromuscular block or difficulty with reversal may be anticipated, the recommended initia! dose 
shoud be decreased. A tect dose of not more than 0.015-0.020 mg/kg, which represents the lower end of the 
dose-response curve for MIVACHON, is recommended in such patients (soo General subsection of 
PRECAUTIONS). 

Tha neuromuscular blocking action of the sterectsomers in MIVACRON Is potentiated by lecfiurane or 
enfurane anesthesia. The recommended intial MIVACRON dose of 0.15 mg/kg may be used for intubalion prior 
io the administration of hese agerés.  MIVACHON is fist acrninistared after astablishmard of strbie-sinis isoflurane 
or enflurane anesthosia (administered with nitrous io achieve 125 MAC), the infial MIVACRON 
dose should be reduced by as much as 25%, and the infusion rate reduced by as much as 35% to 40%. A greater 
potentiation of the neuromuscular blocking action of the stereoisomers In MIVACRON may be expected with 
higher concentrations of endlurane of isoflurane. The use of halothane requires no adjustment of the iniiai dose 
of MIVACRON, but may prolong the duralion of acon and decrease the average infusion rato by as much as 
20% (see Drug interactions subsection of PRECAUTIONS). 

When MIVACRON is administered to pallens receiving certain antibiotics, magnesium salts, fthium, local anasthalics, 
procainamide and quinidine, longer durations of neuromuscular block may be expected and infusion 
requirements may be lower (see Drug interactions subsection of PRECAUTIONS). 

When MIVACRON is administered to patients chronically receiving phenytoin or carbamazepine, eighity shorter 
durations of neuromuscular block may be anticipated and Infusion rate requirements may be higher (see Drug 
Interactions subsection of PRECAUTIONS). 

Severe acid-base and/or alectrotyte abnormalities may potentiate or cause resistance to the neuromuscular 
blocking action of the stersolsomers in MIVACRON. No data are avaj able in such patients and no dosing 
recommendations can be made (s90 General subsection of PRECAUTIONS). 

Bums: White patients with burns are known to develop resistance to nordepolarizing neuromuscular blocking 
agents, they may also have reduced plasma cholinesterase activity. Consequently, in these paflents, a tost dose 
of not more than 0.015-~0.020 mkg MIVACRON bs recommended, followed by additional appropriate dosing 
guided by the use of a neuromuscular block monitor (eee General subsection of PRECAUTIONS). 
Cardiovascular Disease: in patients with clinically significant cardiovascular disease, the initial dose of 
MIVACRON should be 0.75 mg'kg or lees, admingatarad ovar 60 seconds (s00 Hemodynamics subsection of 
CLINICAL PHARMACOLOGY and Ganeral subsection of PRECAUTICNS). 


Obesdty: Obese palenie (patients weighing 230% more than thelr ideal body weight) dosed on the basis of actual 
body weight, thereby receiving a karger dose Then if dosed on the besis of ideal body weight, hac a greater probability 
of experiencing a dacrease af 230% in MAP (sae Hemodynamics subeection of CLINICAL PHARMACOLOGY 
and General subsection of PRECAUTIONS). Theretore, In obese patients, the initial dose should be 
determined using the patient's teal body weight (IBW), according to the following formulae: 

Men: IBW in kg = [108 + (8 x Inches in height above 5 feet) 2.2 

Women: IBW in kg = [100 + (6 x inches In height above 5 feat}}/2.2 
ASergy and Sensitivity. In patients with any history suggestive of a greater sensitivity to the release of 
histamine or related mediators (¢.g., asthma), the Iniiai dese of MIVACRON should be 0.15 mg/kg or less, 
administered over 60 seconds (eee General subsection of PRECAUTIONS). 


INDICATIONS AND USAGE: NIVACRON is a short-acting neuromuscular blocking agent Indicated for 
inpatienis and outpatients, as an adjunct to genera! aneethoela, to faciftaie tracheal Intubation and to 
provide skeleta! muscle relaxation during surgery or mechanical ventilation. 


CONTRAINDICATIONS: MIVACRON is contraindicated in patients norm to hare an allergic hyparsensilivtty 
to mivacurium chicride or other benzylisoquinalinkan agents, as manifested by reactions such as urficaria or 
severe respiratory distress or hypotension. Use cf MIVACRON from multi-cose viais is coniraindicated in patients 
with a known allargy to benzyl alcohol. 


WARNINGS: MIVACRON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG'S ACTIONS 
AND THE POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS PERSONNEL AND FACILITIES FOR RESUSCITATION AND LIFE SUPPORT (TRACHEAL 
INTUBATION, ARTIFICIAL VENTILATION, OXYGEN THERAPY), AND AN ANTAGONIST OF MIVACRON ARE 
IMMEDIATELY AVAILABLE. IT IS RECOMMENDED THAT A PERIPHERAL NERVE STIMULATOR BE 
USED TO MEASURE NEUROMUSCULAR FUNCTION DURING THE ADMINISTRATION OF MIVACRON IN 
ORDER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOR ADDITIONAL DRUG, AND CONFIRM 
RECOVERY FROM NEUROMUSCULAR BLOCK. 

MIVACRON HAS NO KNOWN EFFECT ON CONSCIOUSNESS, PAIN THRESHOLD, OR CEREBRATION. TO 
AVOID DISTRESS TO THE PATIENT, NEUROMUSCULAR BLOCK SHOULD NOT BE INDUCED BEFORE 
UNCONSCIOUSNESS. 

MIVACRON IS METABOLIZED BY PLASMA CHOLINESTERASE AND SHOULD BE USED WITH GREAT 
CAUTION, IF AT ALL, IN PATIENTS KNOWN TO BE OR SUSPECTED OF BEING HOMOZYGOUS FOR THE 
ATYPICAL PLASMA CHOLINESTERASE GENE. 

MTVACHON Injection and MIVACRON Premixed infusion are acidic (pH 3.5 to 5.0) and may not be compatible 
with alkaline solutions having a pH greater than 8.5 (@.9., barbiturate solutions). 

PRECAUTIONS: 

Generat Akhough MIVACRON (a modure of three stereoisomers) Is not a potent histamine releaser, the possibilty 
of substantial histamine release must be considered. Retsase of histamine le related to the dose and speed 
of infection. 

Caution should be exercised in administering MIVACRON to patients witn clinically significant cardiovascular 
dissase and pallents with any history suggesting a grealer sonsiivity to the roleaes of histrmine or related mediators 
{e.g asthma). in such patients, the Initia! does of MIVACRON should be 0.15 mg/kg or jess, administered over 
60 seconds; assurance of adequate hydration and careful monitoring of hamodynamic status are important (sae 
Hemodynamics and indbridualizetion of Dosages subsections of CLINICAL PHARMACOLOGY). 

Obese patients may be more likely to experience clinically significant transient decreases In MAP than non- 
obese patients when the dose of MIVACRON Is based on actual rather than ideal body weight. Theretore, in 
obese peljents, the initial dose shouki be detarmnined using the patient's ideal body weight (see Hamodynamics 
and individualization of Dosages subsections of CLINICAL PHARMACOLOGY}. 

Recommendad doses of MIVACRON heve no clinically significant affects on heart rate; therefore, MIVACRON 
will not counteract the bradycardia produced by many anesthetic agents or by vagal stimulation. 
Neuromuscular blocking agards may heve a profound effect in pallants wilh neuromuscular desases (4.9, myasthenia 
gravis and the myasthenic syndrome). In these and other conditions in which prolonged neuromuscular 
block is a possiblity {e.g carcinomatosis), the use of a peripheral nerve stimulator and a dose of not more than 
0.015-0.020 mg/kg MIVACRON is recommended to assees the love! of neuromuscular block and to monttor 
dosage requirements (see hndividualization of Dosages subsection of CLINICAL PHARMACOLOGY). 
MIVACRON has not been studied in patients with bums. Resistance fo nondepolarizing neuromuscular 
blocking agents may develop in patients with buma, depending upon the fime elapsed since the Injury and the 
size of the burn. Patients with bs may have reduced plasma cholinesterase activity which may offset this 
resistance (see Individualtzation of Dosages subsaction of CLINICAL PHARMACOLOGY). 

Acid-base and/or serum electrolyte abnormalities may potentiate or antagonize the action of neuromuscular 
blocking agents. The action of neuromuscular blocking agents may be enhanced by magnesium salts 
admanistered for the management of toxemla of pregnancy (eee Individualization of Dosages subsection of 
CLINICAL PHARMACOLOGY). 
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No data are available to support the use of MIVACRON by Intramuscular injection. 


Renal and Hepatic Disease: The posalility of prolonged neuromuscular block musi be considecsd when MIVACRON 
is used in patients with send or hepaiic disease {seo Pharmacokinelics subsection of CLINICAL PHARMACOLOGY). 
Most patients with chronic hepatic dissase such as hepalitis, liver abscess, and cirrhosis of the fiver exhibit a 
merked reduction in plasma cholnosiorase activity. Patients wilh acule or chronic renal disoase may also show 
a reduction in plasma cholinesterase activity (see Individualization of Dosages subsection of CLINICAL 
PHARMACOLOGY}. 


Reduced Plasma Cholinesterase Activity: The possibilty of prolonged neuromuscular block following 
administration of MIVACRON must be considered In patients with reduced plasma cholinesterase 
(peoudochoinesterass) activity. 

Plasma cholinesterase activity may be diminished in the presence of genetic abnormalities of plasma 
Cholinesterase (6.9, patients heterozygous or homozygous for the atypical plasma cholinesterase gene), pregnancy, 
iver ar kidney dissese, malignant tumors, infections, bums, anemia, decompensated heart disease, peptic ulcer, 
or myxedema. Plasma cholinesterase activity may also be diminished by chronic administration of oral 
contraceptives, glucocorficotds, or cartain monoamine oxidase inhibitors and by braversiiie inhibitors of plasma 
Cholinesterase (8.9., organophosphate insectickise, echothiophate, and certain antinsoptastic drugs). 
MIVACRON hes been used safaly in peilerts heterazygous for the alypice! plasma cholinesterase gene. Al doses 
of 0.10 to 0.20 mg/kg MIVACRON, the clinically effective duraiion of action was £ fo 11 minutas longer in patients 
heterozygous for the atypical gene than in genotypically normal patients. 

As with succinyicholine, patients homozygous for the atypical plasma cholinesterase gene (1 in 2500 palisnts} 
are extremely sensiive to the neuromuscular blocking offect of MIVACRON. in threa such adutt paflonts, a small 
dose of 0.03 mg/kg (approximately the ED1e2 in genotypically normal patients) produced complete 
neuromuscular block for 26 to 128 minutes. Once spontaneous recovery had begun, neuromuscular block in 
these patients was antagonized with conventional doses of neostigmine. One adukt patient, who was 
hornazygous for the atypical plasma cholinesterase gene, racatyed a dose of 0.18 mgr MIVACRON and exhibhed 
complete neuromuscular block for about 4 hours. Reaponge to postetanic stimulation wes present after 4 hours, 
afl four responses to train-of four stimulation were present afler 6 hours, and the patient was extubated after 
8 hours. Reversal was not attempted in this patient. 


Malignant Hyperthermia (MH): In a study of MH-susceptibie pige, MIVACRON did not irigger MH. MIVACRON 
hes not been studied in MH-suscaptible pefients. Because MH can devalop in the absence of catablished triggering 
agents, the clinictan shoukd be prepared to recognize and treat MH in any patient undergoing general 
anesthesia. 
Long-Term Use in the intanalve Care Unit (ICU): No daia are avallabie on the long-term use of MIVACRON 
in patients undergoing mechanica! ventilation in the KOU. 
Drug interactions: Although MIVACRON (a mbdure of three stereoisomers) has been administered safely following 
faclIiated tracheal intubation, the interaction between the giereoisomers in MIVACRON 
and succinyichofine has not bean syetematicalty studiad. Prior admdnistratlon of euccinyichaline can potentiate 
the neuromuscular blocking effects of nondepolartzing agents. Evidence of spontaneous recovery from 
succinytcholine should be observed before the administration of MiVACRON. 
The use of MIVACRON before succinyicholing to attenuata some of the side effects of succityicholine has not 
been studied. l 
Thare are no clinical date on the use af MIVACRON with athar nondapolarizing neuromuscular blocking agents. 
isoflurane and enflurane (administered with nitrous oxkdefoxygen to achieve 1.25 MAC) decrease the EDas af 
MIVACRON by as much as 25% (see Pharmacodynamics and individualization of Dosages subsections 
of CLINICAL PHARMACOLOGY). These agents mey also prolong the clinically offective duraiion of action and 
decrease the average infusion requirement of MIVACHON by as much as 365% to 40%. A greater potentiation 
of the neuromuscular blocking effects af the slereolsomacs in MIVACRON may be expected with higher concentralions 
of anfhurane or isoflurane. Halothane has litle or no affect on the EDs, but may prolong the curation of action 
and decrease the average infusion requirement by as much as 20%. 
Other drugs which mey enhance the neuromuscubar blocking action of nondepolarizing agents 
starsoleormens In MIVACRON Include certain antibiotics (@.9, aminoglycosides, tetracyclines, bactiracin, polyTapdns, 
Sncomycin, clindamycin, coksfin, and sodium coliimalhats), magnesium saks, kihium, loca! enesthelice, procainamide, 
and quinidine. Drugs thet may enhance the neuromuscular blocking effects of mivacutum by a raductian in pesma 
cholineeterase activity Include chronic administration of oral contraceptives, glucocorticoids, or certain 
` monoamine oxidase inhibiors and by trreversible inhibitors of plasma cholinsstarase (see Reduced Plasma 
Cholinesterase Activity subsection of PRECAUTIONS). 
Resistance to the neuromuscular biocidng action cf nondepolarizing neuromuscular blocking agents has been 
demonstrated in patients chronically admninisiered phenytoin or carbamazepine. While the offects of chronic 
phenytoin or carbamazepine therapy on the action of the stereoisomers in MIVACRON are unknown, slightly 
shorter durations of neuromuscular block may be anticipated and infusion rate requirements may be higher. 
Carcinogenesis, Mutagenesie, impairment of Fertility: Carcinogenesis and fertiity studies have not been 
performed. MIVACRON wes evaluated in a battery of four short-term mutagenicity toste. H wes non-mutagemic 
In the Ames Salmonella assay, the mouse lymphoma assay, ihe human hmphocyte assay, and the in vivo rat 
bore marrow cytogenetic assay. 
Pregnancy: Tersiogenic Pfacts: Pregnancy Category C. Teratology testing in nonventilated pregnant rats and 
mice treated subcutaneously with mesdmum subparalyzing doses of MIVACRON revealed no magernal or fetal 
toxicity or teratogenic effects. Thare are no adequate and well-controfied studies of MIVACRON in pregnant 
women Because animal studies are not always predictive of human response, and the desea used wore 
subparalyzing, MIVACRON should be used during pregnency only If the potential benefit justifies the potential 
risk to the fetue. 
Labor and Deilvery: The use of MIVACRON during labor, vaginal delivery, or cesarean section has not been 
studied in humans and lis not known whether MIVACRON administered to the mother has effects on the fetus. 
Doses of 0.08 and 6.20 moko MIVACRON given to female beagiae cesaroan section resulted in 
negligible levels of the stereoisomers in MIVACRON in umbilical veseal blood of neonates and no deleterious 
ettects on the puppies. 


Nursing Mothers: It ls not known whether any cf the stereoisomers of mivacurium are excreted in human mik 
Because many drugs are excreted in human mii, caulion should be exarcised folowing adminietraion of MIVACRON 
to a nursing woman. 

Pediatric Use: MIVACRON has not been studied In children betow the age of 2 years (see CLINICAL 
PHARMACOLOGY and DOSAGE AND ADMINISTRATION for clinical experiance and recommendations 
for use In chidren 2 to 12 years of age). 
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31 patients with significant cardiovascular disease (see General subsection of PRECAUTIONS). The 
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ADVERSE REACTIONS: 

Observed In Clinical Triats: MIVACRON fa mixture of three stereoisomers) was well tolerated during 
extensive clinical. trials In inpatients and outpatients. Prolonged neuromuscular block, which is an important 
adverso aseociated with neuromuscular blocking agents 28 a ciesa, wes reported as an adverse 
experience in 3 of 2074 patients administered MIVACRON. The most commonly reported adverse experience 
following the administration of MIVACRON wes transient, dose-dependent cutaneous flushing about the face, 
neck, andor chest. Flushing was mosi fraquently noted after the initial dose of KYUVACRON and wes reported 
In about 20% of adult patterits who recelved tha recommended dose of 0.15 mg/kg MIVACRON over 5 to 15 
seconds. When present, flushing typically began wilhin 1 to 2 minutos afler the dose of MIVACHON and lasted 
for 3 to 5 minutes. Of 60 patients who experienced flushing after 0.15 mg/kg MIVACRON, one patient aiso 
experienced miki hypotension that was not feated, and one patient experienced moderate wheezing thal was 
guccesstully treated. 
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Overall, Fico wae sity shel EE EIEEE EE A ET TTA 
None of the 397 adutts or 63 children who received recommended dosos was treated for a dacraase in bloos 
pressure associaked with the administration of MIVACRON. Above the recommended dosage range, 1% io 24 
of healthy adults given 20.20 mg/kg over 5 to 15 seconds and 2% to 4% of cardiac surgery pagienis given 20.20 mate 
over 60 seconde were treated for decreases In blood pressure associated with the administration c 
MIVACRON. 


The following adverse experiences were reported in patferite administered MIVACRON (al evénts judged by 
investigators during the clinical trials to have a possible causal relationship}: 


. Incidence Greater Than 1% - 


Cardiovascular: Flushing (15%) 

Incidence Leas Than 1% - 

Cardtovasoutar: Hypotension, Tachycardia, Bradycardia, Cardiac Arrhythmia, Phiabltis 
Respiratory: Bronchospasm, Wheezing, Hypoxamia 

Dermatological: Rash, Urticaria, Erythema, Injection Site Reaction 

Nonspeciic: Prolonged Drug Effect 

Neurologic: Dizziness 

Musculoskeletal: Muscie Spasms 


OVERDOSAGE: Overdosage with neuromuscular blocking agents may result in neuromuscular block beyonce 
the time needed for surgery and anesthesia. The primary treatment is maintenance of a patent airway and conirolied> 
ventilation umtii recovery of norma! neuromuscular function is assured. Once evidence af recovery from _ 
neuromusoular block is observed, further recovery may be faciittated by administration of an andjcholinestanze 
agent (8.9, neostigmine, edrephonium) in conjunction with an appropriate anticholmergic agent. (see 
Antagonism of Neuromuscular Block). Overdosage may Increase the risk of hemodynamic side effects, eapacisdy 
deoreases In blood pressure. If needed, cardiovascular support may be provided by proper positioning of the 
patient, flukd administration, and/or vasopressor agent administration. 
Antagonism of Neuromuscular Block: 

ANTAGONISTS (SUCH AS NEOSTIGMINE) SHOULD NOT BE ADMINISTERED WHEN COMPLETE 
NEUROMUSCULAR BLOCK IS EVIDENT OR SUSPECTED. THE USE OF A PERIPHERAL NERVE STIMULATOF 
TO EVALUATE RECOVERY AND ANTAGONISM OF NEUROMUSCULAR BLOCK IS RECOMMENDED. 
Administration of 0.030 to 0.064 mg/kg neostigmine or 0.5 mg/kg edrophonium at approximately 10% 
recovery from neuromuscular block (range: 1 to 15) produced 95% recovery of tha muscle twiich response anc 
a TaT: ratio 275% in about 10 minutes. The times from 25% recovery of the musce twiich response to TaT: 
ratio 275% following these doses of antagoniste about 7 to 9 minutes. In companeon, average times 
for spontaneous recovery from 25% to TATI 275% ware 12 to 13 minutes. 

Patients administered antagonists shouid be evaluated for adequate clinical evidence of antagontsn, ag. & 
second head lift and grip strength. Ventilation must be supported until no longer required. 

Antagoniem may be delayed in the presence of debliRation, carcinomatosis, and the concomitant use of carta 
broad spectrum anéiblotice, or anesthelic agents and other druge which enhance neuromuscular block or separates, 
cause respiraky capression (see Drug Interactions subsection of PRECAUTIONS). Under such circumstances 
the management ke the same as that of profonged neuromuscular block (see OVERDOSAGE), 

DOSAGE AND ADMINISTRATION: MIVACRON SHOULD ONLY BE ADMINISTERED INTRAVENOUSLY. 


The dosage information provided below is intended as a guide only. Doses of MIVACRON should be 
individualized (see Individuaiization of Dosages subsaction of CLINICAL PHARMACOLOGY). Factors 
thet may warrant dosage adjustment include bui may not be imited ix the presance of significant kidney, iver, 
or cardiovascular disease, obesity {patients weighing 230% more than ideal body weight for height}, asthma 
reduction in plasma cholinesterase activity, and the presenco of inhalational anesthetic agents. The use of e 
peripheral nerve stirmutator will perm the most advantageous use of MIVACRON, minimize the possibility o 
overdosage or underdosage, and assist in the evaluation of recovery. 

Adults; 

A dose of 0.15 mg/kg MIVACRON administered over 5 to 15 seconds Is recommended for facilitation of trachea. 
intubation for most patients. When administered as a component of a thlopeantalopioid/nitrous exidevoxyger 
induction-intubation technique, 0.15 mg/kg (2 x EDs) MIVACRON produces generality 

conditions for trachaal Intubation in 2.5 minutes. Lower dosos of MIVACRON may result in a longer time for 
development of safilactory intubation conditions. Administration of MIVACRON doses above tho reconwnendsda» 
mange (20.20 mkg} is ageoctated wilh the development of fansiant decreases in blood pressure in some pafierks. 
(see CLINICAL PHARMACOLOGY and ADVERSE REACTIONS). 

in padlertts with clinically significant cardiovascular disease 4nd in patients with amy history suggesting a greaka: 
sonality to the release of histamine or oiher mediators (ag, asthma), the dase of MIVACRON choui be 0.15 mage 
or lees, administered over 60 seconds (sea PRECAUTIONS). 

Clinically elective neuromuscular block may be expected to lest for 15 to 20 minuias (range: 9 to 38) and spontaneous, 
recovery may ba axpacted to be 95% complete in 25 to 30 minutas (range: 16 to 41) following 0.15 mgkg MIVACHON 
edministered to patients receiving opicid/nttrous axddetoxygen anesthesia. Maintenance dosing bs generally 
required approximately 15 minutes folowing an initial dose of 0.15 mg/kg MIVACRON during oploid/nttrous 
oxidavoxygen anesthesia. Maintenance doses of 0.10 mg/kg each provide approximately 15 minutes obm 
pn cai a a a aca accel aaa aaa 
may be administared. 


The neuromuscular blocking action of MIVACRON ls potentiated by feofurane or enflurane anesthesia. The 
recommended initie! MIVACRON dose of 0.15 mg/kg may be used to facilitate tracheal Intubation prior to the 
administration of these agents; however, If MIVACRON is first administered after establistynert of stable-ctaie 
isoflurane o anflurane anesthesia (administered with nitrous oxidafoxygen to achieve 1.25 MAC), the initial 
MEIVACHON dose may be reduced by as much as 25%. Greater raductions in the MIVACRON dose mey be required: 
with higher concentrations of enflurane or bsoflurane. With halothane, which has only a minimal potentiating 
effect on MIVACRON, a smaller dosage reduction may be considered. 

Continuon Infuslor: Continuous infusion of MIVACRON mey be used to maintain neuromuscular block. Lipon» 
eariy evidence of spontaneous recovery from an intel dose, an initial infusion rate of 9 to 10 yovkg/min is 
recommended. If continuous infusion is initiated simulknecusly viih the administration of an initial dose, a lower 
Initia! infusion rate should be used (6.9., 4 yg/kg/moin). in either case, the initial infusion rate shouid be 
adjusted according t0 the response to peripheral nerve stimuladion and to cinical criteria. On average, an Infusion 
rate of 6 to 7 uyaymin (range: 1 to 15) may be expected to maintain neurorauscuter block within the range of 
88% io 99% for extended periods in adults receiving cploid/nilrous oxdde/oxygen anesthesia. Reduction of the 
infusion rate by up to 35% to 40% should be considered when MIVACRON Is administered during stable-stale 
conditions of tacfiurane or anflurane anesthesia (admingsinred wah nitrous oxdde/oxygen to achieve 1.25 MAC). 
Greater reductions in the MIVACRON Infusion nite may be required with greater concentrations of enflurane 
of fsoflurane. With halothane, smaller reductions in Infusion rais may be required. 

Chlidren: i 

initial Doses: Dosage requirements for MIVACRON on a myig basis are higher in children than adults. Oneet 
and recovery of neuromuscular block occur more rapidly in chikiran then aduis (see CUNICAL PHARMACOLOGY). 
The recommended dose of MIVACRON for faciltaling tracheal Iniubeiion in children 2 to 12 years of age fs 0.20 mgkg 
administered over 5 to 15 seconds. When administered during stable cplokd/nitrous axidefoxygen anesthesia, 
0.20 mkg of MIVACRON produces madmum neuromuscular block in an average of 1.9 minutes (range: 1.3 
to 3.3) and clinically effective block for 10 minutes (range: 6 to 15). Maintenance doses are generally 
required more frequently in children than in adults. Administration of MIVAGRON doses above the recommendad 
range (0.20 moig) is associaied wih transient decreases in MAP in some chidren (s00 Hemodynamics subsacton 
of CLINICAL PHARMACOLOGY). MIVACRON has not been studied in children below the age of 2 years. 
Continwous infealor: Chikiren require higher MIVACRON indusion rates than adults. During opioid/nitrous 
oxide/oxygen anestheeie the Infusion rats required to maintain 88% to 29% neurcmuecuier block averages 
14 pgmn (range: 5 to 31). The principles for infusion of MIVACRON In adults are also applicable to children 
(s00 above). 


< 


infusion Rate Tables: 

For adults and children the amount of infusion solution required per hour depends upon the cilnical 
requirements of the patient, the conceniration of MIVACRON in the infusion solution, and the patient's 
freight. The contribution of the infusion solulion to the fluid requirements of the patient must te considered. Tables 6 
and 7 provide guidelines for delivery In mL/hr (aquivatent to microdrops/min when 60 microdrops = 1 mL) of 
MIVACRON Prembed Infusion (0.5 mg/mL) and of MIVACRON Injection (2 mg/mL). 


Table 6 
Infusion Rates for Maintenance of Neuromuscular Block During 
OploldiNitrous Oxida/Oxygen Anssihes!a Using MIVACRON Premixed infusion (0.5 mg/mL) 


Drug Delivery Rate {ugkg/min} 


5 6 7 8 |. 10 14 16 18 20 
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Table 7 
infusion Rates for Maintenance of Neuromuscular Block During 
Oploid/Nitrous Oxide/Oxygen Aneathasie Using MIVACRON injection (2 mg/mL} 
Drug Delivery Rate (ug/kg/min) 


7 8 10 | 14 
Infusion Delivery Rate (mL/hr) 
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MIVACRON Premixed Infusion in Flextbie Piastio Containers: 

The fiexdble plastic contalnar ie fabricaied from 2 specialy formulated, nonplasticizad, thermoplastic 

(CR3). Water can permeate from Inside the container Into the overwrap but not in amounts sufficient to affect 
* fhe solution significantly. Solutions Inside the ptastio container also can leach out certain of the chemical componerts 
In very smail amounts balore the expiration period is attained. However, the safety of the plasfic has baan conimed 
by tests In animals according to USP biological standards for plastlo containers. 

instructiona for Use: 

1. Tear outer wrap at noich and remove solution container. Check for minute leake by squeezing contalner firmly. 


H isaks are found, discard solution as sterility may be impaired. 

2. Close flow contro! clamp of administration sat. 

3. Remove cover from outlet port at bottom of container. 

4, Ineart piercing pin of administration set into port with a twisting a a a 
NOTE: See full directions on administration sat carton. 

5. Suspend container from hange. 

@. Squeeze and release drip chamber to estabfich proper fz Javelin chamber during Infusion. 

7. Open flow contro! clamp to expal alr from set. Close clamp. 

8. Attach set to intravenous tubing. 

§. Regulate rate of administration with flow contro! clamp. 


Caution: Additives should not be introduced into this solution. Do not administer untess solution is clear and 
container is undamaged. MIVACRON Premixed infusion is Intended for single patient use only. The unused 
portion of the solution should ba discarded. 
Warning: Do not use flexible plastic container in series connections. 
MIVACRON Injection Compatibility and Admixtures: 
Y-elte Administration: MIVACRON Injection may not be compatibla with alkaiine solutiona having a pH greater 
than 8.5 (e.g., barbiturate solutions). 
Studies have shown that MIVACRON Infection Is compatible with: 

= 5% Dextrose Injection USP 

* 0.8% Sodium Chicrids infection USP 

* 6% Dextrose and 0.9% Sodium Chloride Injection USP 

* Laclated Ringer's Injection USP 

» 5% Dextrose in Lactated Ringer's Injeatton 

+ Sufenta® (eufentan!| citrate) Injection, diluted as directed 

+ Alfente* (alfentanil hydrochloride) Injection, diluted as directed 

* Subtinaze® (fantany! citrate) Injection, diuted as directed 

+ Versed® (midazolam hydrochloride) Injaction, diluted as directed 

* inapsine® (droperidol) injection, diluted as directed 
Compatibility studies with other parenteral products have noi been conducted. 
Dilution Stability: MIVACRON injection diluted to 6.5 mg mivacurium per mL in 5% Dextrose Injection 
USP, 5% Dextrose and 0.9% Sodium Chiorids Injection USP, 0.9% Sodium Chiortde Infection USP, Lactated 
Ringer's Injection USP, or 5% Dextrose in Lactated Ringer's Injection fs phtysically and chamically stable when 
stored in PVC (polyvinyl chloride) bags at 5°C to 25°C (41°F to 77°F) far up to 24 hours. Aseptic techniques 
should be used to prepare the dityted produat. Admbdures of MIVACRON should be prapared for single patiant 
use only and used within 24 hours of preparation. The unused portion of diluted MIVACRON should be 
discarded after each case. 


NOTE: Parenteral drug products should be inspected visually for particulate matis and discoloration prior to 


_ administration whenever solution and container permit. Solutions which are nol clear and colorisss shouid not 


be used. 

HOW SUPPLIED: MIVACRON Injection, 2 mg mivacurium in each mL. 

5 mL Single Use Vials. Tray of 10 (NDC 0081-0705-44). 

10 mL. Single Use Vials. Tray of 10 (NDC 0081-0705-95). 

MIVACRON Premixed Infusion in 5% Dextrose Injection USP, 0.5 mg mivaourium in each mi 

59 mi. {in a 100 mL unk} Flexible Plastic Containers. (NDC 0081-070901). 

STORAGE: Stores MIVACRON Iniection at room temperature of 15° to 25°C (59° to 77°F}. Avoid exposure to 
direct uRravicist light. DO NOT FREEZE. 

Recommended storage for MIVACRON Prembcad Infuston ts roam te nperature (15° to 25°C/59° to 77°F). Avotd 
excessive heat. Avold exposure to direct ultraviciet light. Protect from freezing. 


U.S. Patent No. 4761418 554053 
MIVACRON Premixed Infusion Menutactured for BURROUGHS WELLCOME CO. by Abbott Laboratories 





_TRACRIUM? INJECTION 


(atracurium besylate) 
Brief Summary 
This drug sho be used only by adequately trained indhiduals tamillar with ite actions, characteristics, and 


ROCATIONG AND USAGE: Tjatur etd a an arfur o gorana ama, fc ocr 
intubation and to provide skeletal muscle relaxailon during surgery or mechanical ventilation. 


CONTRAINDICATIONS: Tracrium is contraindioated in patients known to have e hypersensitivity to R. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 

AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE FOR 

ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION OF POS- 

UM: PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH ASSISTED 
OR CONTROLLED VENTILATION. ANTICHOLINESTERASE BEVERSAL AGENTS SHOULD BE IMMEDIATELY 

AVAILABLE. DO NOT GIVE TRAGRIUM BY INTRAMUSCULAR ADMINISTRATION. Tracrium has no known 

effect on coneciousnesa, pain threshold, or cerebraiion, H should be used only wlth 

s gyringe or A REE Anaa tone TERO E dag reads 

same ‘ 

TA PAAT PLOT ree ee tere ee Scie tay gi a ls 

ITAOP Injaction 10 T POE Die dta val contain benzyl alcohol, Banzyl alcohol has been associated with 
an increased incidence of neurological and other in newbom infants which are somotimes fatal 

hg ancora a benzyl alkohol. 


caution should be In Trecrium to patents in 
be especially hazardous (e.g. patients with clinically significant cardiovascular dissesa) and In 
with any history (¢.9., severe reactions or ) a greater risk of histamine 
rabana. in these the recommended initial Tracrium dose is lower than for other patients 
and should be administered i tiad decease wecee at Suns Teche haf lei 8g 
nfeant effects on haart rate in the recommandad ‘Tenge, B wil not ocunteract 
yeay agers or stimulation. As a resul, during anesthesia may be mors oom- 
Tracrum than with other muscie relaxants. Tracium may have nd effects in patients with 
gave, or other neuromusoutar which af nondepolarting 
bean noted. The use of a nerve stimulator is Important for neuromuscular 
in these patients. should be taken in patients with leorders or 
Multiple factors in anesthesia practice are hyperthermia (MH), 
a potentially fatal hyparmetabolo state of skeletal muscle. Halo agama and - 
patients: however, 


. ognize and treat in eny patient è 
cases in which Tracrlum has been used. in studies o preon bapa {swine} and in a clinical study 
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burn patients. Lh petri pee leased a 


T 
: 
i 
m 
a 


ler 
ond onay ol Trecrin administered by 
In intensive care facitittes. 


in the ICU., As with other neuromuscular b a ents, Ite information is available on the plasma levels or 
dlinical consequences of atracurium metabolites long-term ial elevate ihe 
intensive care unit setting. One metabolite of atracurium, d alone to laborato- 
ry animals, bas been associated with cerebral ot effects. dit See dl effects of laudanosine In 
humans have not been demonstrated, The effects of hemodialysis, arfusion and hemofiltration on pias- 
Be gotta Ocus a A Drugs which may enhance neu- 
romuscuiar te co ee include: enflurane; ; certain antibiotics, especially 
the aminoglycosides and P Shiu; magnesium saits; ‘and quinidine. If other muecte 
eal pela r e sone procedure, the possibilty of a syne ist affect should be con- 
seca ac Hoa tion of succi does not enhance Gurion 
hero depth, of neuromuscular induced by Tracrum. Tracrum ackninistered 
ja tat nae! recovered {rom ac algo -induced neuromuscular blockade. Carcinogenesis, 
ae es inet ee A positive response was observed in the mouse a assay undar 
treated colis. A far weaker response was o in the of 
gry Calogory Trasun has Baon stows be ota iralogori Be 
C. Tractium has been shown to be potentially teratogenic rari, when pve 
ae Tractiu houtd b ted Aurre Torr eae a wes pele ad ROn 
woman. um $ a ng pregnancy poten 
risk to the fetus. Labor and Delivery: It is not known whether musole Leeda beberle poston 
ee preter ea tera ld ST dale debe othe 
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considarad following cesarean section during which a neuromuscular has been adminis- 
prepa abt ar dcr ed le cy oi neure bred may be uneatistactory 
and Tracrium dose should Or oe aera Muraina Momiere: I's not own seta! Bs drog ecn 


6d in human mak. Caution should be exercised when Traorum a aneron to R bach woman, Pediatric 
Use: Safety and effectiveness In children below the age of 1 month have not bean 

ADVERSE REACTIONS: Observed in Controlled Clinica! Studioe: Tracrium few adverse reactions 
during extensive clinical trials. Mos! were suggsetive of histamine release (ses Section). The over- 
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In those patients given the recommended initial 
artartal reese hE 2.8% and decreased in 2.1 
2.8% of patiente, At doses of > 0,80 
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(issase, were as 
range of 0.31 to 0.50 mg/kg of Tracrium, maan 
of patents while the rate increased in 
g 14.3% of the studied pationts had a decrease In mean arto- 
heart rate. At doses < 0.30 mg/kg, mean arterial pressure 
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of these patients. in Clinical Bagad on clinical experience In fhe U.S. and the United Kingdom 
approximately 3 millon patients Tracrium the adverse reactions the most 
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Burroughs Wellcome Co. 
PR Research Triangle Park, NC 27709 
Wallceme.Copr. © 1992 urroughs Wellcome Co. All rights reserved. MV-Y03552 


The Osler Institute 
Anesthesiology Board Review Courses 


honoring Alon Winnie 
July 4-9 and August 4-9, 1992 — Chicago 
Aug. 1-3 — Los Angeles Aug. 14-16 — Atlanta "Sept. 14-19 — Boston 


Now, special programs for written and oral boards 


OBJECTIVES METHODS 

® Improve basic and clinical knowledge of anesthesiology ® HOME STUDY questions, answers, assignments and keywords 
® Assist residents and fellows to better organize for further study ®© SEMINAR with projection slides and lecture-note syllabus 

© Prepare candidates to take their written and oral exams ® PRACTICE EXAMS for written and oral board exams 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, Written Board Review 


not only from world-famous authorities, but from people who are relatively unknown as well."* 


Physiology 
Respiratory Physiology 


Cardiovascular Physiology 


Neurophysiology 


Hepatic & Renal Physiology 


Acid-Base and Blood Gas 


Pharmacology 
Pharmacokinetics 
Inhalation Anesthetics 
Intravenous Anesthetics 
Local Anesthetics 
Muscle Relaxants 
Central Nervous Drugs 
Cardiac & Diuretic Drugs 
Interactions & Genetics 


Physical Sciences 
Applied Anatomy 
Physics and Gas Laws 
Anesthesia Machines 
Breathing Systems 


Fundamentals 

Preop. Evaluation & Prep. 
Patient Monitoring 
Airway Management 
Fluid and Blood Therapy 
Cardiopulmonary Disease 
Hepatic & Renal Disease 
Metabolic Disease 
Recovery Room 


Regional Anesthesia 
Autonomic Blocks 


Spinal and Epidural Blocks 


Upper Extremity Blocks 
Lower Extremity Blocks 


Chronic Pain Management 
Limited Enrollment: ANESTHESIOLOGY REVIEW COURSE REGISTRATION 


Name 

Address 

City/State 

Zip Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


Mail today to: 


1094 East Dawn Drive, Dept. 206A 


Neils Jensen, M.D. 
Associate in Anesthesiology 
University of Iowa 

Eugene Lipov, M.D. 
Ass’t. Prof. of Anesthesiology 
Rush Medical College 
David Lubarsky, M.D. 
Ass’t. Prof. of Anesthesiology 
Duke University 


Terence Murphy, M.D. 


Specialty Areas 
Obstetric Anesthesia 
Pediatric Anesthesia 
Cardiac Anesthesia 
Thoracic Anesthesia 
Neuroanesthesia 
Ophthalmic & E.N.T. 
Geriatric and Outpatients 


Solomon Aronson, M.D. 
Ass’t. Prof. of Anesthesiology Professor of Anesthesiology 
University of Chicago University of Washington 
Jonathan Benumof, M.D. Michael Ritter, M.D. 
Professor of Anesthesiology Staff Anesthesiologist 

Univ. of California, San Diego St. John’s Mercy Hosp., St. Louis 
T. Andrew Bowdle, M.D. David Rothenberg, M.D. 
Assoc. Professor of Anesthesiology Ass’t. Prof. of Anesthesiology 
University of Washington Rush Medical College 
Eugene Cheng, M.D. Ramez Salem, M.D. 
Ass’t. Prof. of Anes. and Med. Clin. Prof. of Anesthesiology 
Medical College of Wisconsin University of Illinois, Chicago 
Edward Czinn, M.D. Astride Seifen, M.D. 
Clin. Ass’t. Professor of Anes. Professor of Anesthesiology 
University of Illinois, Chicago University of Arkansas 
Hernando DeSoto, M.D. Daniel Siker, M.D. 

Chief of Anesthesiology Ass’t. Prof. of Anes. and Ped. 
Riverside Hospital, Jacksonville Medical College of Wisconsin 
Elizabeth Frost, M.D. Theodore Smith, M.D. 
Professor of Anesthesiology Professor of Anesthesiology 
Albert Einstein College of Med. Loyola University 

Anthony Ivankovitch, M.D. Alon Winnie, M.D. 

Prof. & Chmn. of Anesthesiology Professor of Anesthesiology 


LJ July 4-9, 1992 — Chicago 
C] August 1-3, 1992 — Los Angeles 
C] August 4-9, 1992 — Chicago 
C August 14-16, 1992 — Atlanta 
C] September 14-19, 1992 — Boston 
C] Check enclosed for $ 
C Please send FREE SAMPLE 


Lectures and written exam seminars 
e Home-study keywords with discussions 
and questions with answers. 
è Six-day lectures with syllabus. 
è Seminars for written exam questions. 
© July 4-9; September 14-19. 


Oral Board Review 


Mock oral exams and lectures 
e Home-study, oral-exam stem cases with 
pre-op, intra-op and post-op questions. 
è Six-day lectures with syllabus and con- 
current mock oral exams most hours. 
© Registration includes one mock oral. 
è Extra public mock oral exam ($80), pri- 
vate mock oral exam ($110). 
e July 4-9; August 4-9; September 14-19. 


Oral Board Tutorial Days 


Choose any days — groups limited to 24 
© Home-study, oral-exam stem cases with 
pre-op, intra-op and post-op questions. 
e Mock oral exams in groups limited to 24. 
© Includes one public mock oral per day. 
è Extra public mock oral exams ($80), pri- 

vate mock oral exams ($110). 
e July 4-9; August 1-3; August 4-9; 
August 14-16; September 14-22. 


Two-Part Board Review 


Nine mock orals in any two courses 

e Any course in 1992, plus any other 
within three years. One course may be up 
to six Oral Board Tutorial days of your 
choice. 

e Choose between lectures and concurrent 
mock orals or written exam discussions. 

© Nine (9) mock oral exams in groups 
limited to 24 participants. 


Unconditional Guarantee 


© If you fail the next Anesthesiology Board 
Exam you take after taking one of these 
courses, we will refund half of your last 
course registration fee and allow you to 
repeat the course once for FREE. 

e This is NOT conditional upon you taking 
more than one course, or extra mock orals. 

è Last year, after we first made this guaran- 
tee, less than 2% requested a refund. 


Information 


The Osler Institute 
1094 East Dawn Drive, P.O. Box 2218 
Terre Haute, IN, 47802 


(800) 356-7537 
+Plus mock orals only September 20-22. 
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“YR INHALATION ANESTHESIA 
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m First maker of fluorinated 
anesthetics in the U.S.A. 


m Pioneer in anesthetic purity 


m Lowest price of any potent 
anesthetic 


HALOCARBON 


LABORATORIES 


A division of Halocarbon Products Corporation 


PO. Box 661, River Edge, NJ 07661 
(800) 338-5803 


A PART 
IS BETTER 
THAN 

A HOLE 


The Sprotte Needle for 
Spinal Anesthesia 


When accessing the dura, 

a part is better than a hole. 
That’s why the Sprotte Needle’s 
unique atraumatic tip is 
designed to part dural fibers instead 






The Sprotte 


Needle features 
of cut them. a smooth, round 
Chance of CSF leakage after needle eer pas 

ateral eye in 


withdrawal is minimized. Studies have the needle shaft. 
shown that the incidence of postdural 
puncture headache is significantly 

less than with Quincke and other pencil- 


point needles* 


A wide lateral eye and thin needle shaft 
wall allow rapid CSF flow and easy anes- 
thetic injection. To ensure smooth needle 
placement, each needle comes with an 
integrated introducer. 


The 24 gauge Sprotte for single shot spinal 
anesthesia. In 342, 43⁄4 and 6 inch lengths. 


The 22 gauge Sprotte for continuous 
spinal anesthesia for use with the 28 
gauge CoSPAN™ Catheter. 


The Sprotte Needle. It stands apart. 


SPROTTE 





KENDALL 


TS COMPANY 


15 Hampshire Street * Mansfield, MA 02048 • 1-800-962-9888 


i Take Part 
Please send me more Sprotte Needle information. 
Name 
Title 


Institution 


Telephone: (get, 


Return to Kendall Healthcare Products Company, Attn: Amy Wendell, 
15 Hampshire Street, Mansfield, MA 02048. 


*Data on file at Kendall Healthcare Products Company. 
CoSPAN is a trademark of The Kendall Company. 


| | 
| | 
| | 
| | 
| —_ is 
| Street maae | 
| City/State/Zip | 
| | 
| | 
| | 
| | 
| | 


©1992 The Kendall Company. All rights reserved. H-3867, 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


THE B.B. SANKEY ANESTHESIA ADVANCEMENT AWARD 


1992 AWARDS 


At the IARS 66th Congress in March 1992, the Board of Trustees announced 
recipients of the 1992 Awards as follows: 


Timothy J. Connelly, mp, ms, University of Wisconsin, Madison, WI: 
“The Effect of Volatile Anesthetics on the Calcium Release Channel of Cardiac 
Sarcoplasmic Reticulum” 


Francis X. McGowan, Jr., Mp, University of Pittsburgh School of Medicine, 
Pittsburgh, PA: 
“Effects of General Anesthetics Upon Nitric Oxide Production in the Porcine 
Coronary Circulation” 


Richard Smiley, Mp, PhD, Columbia University College of Physicians and 
Surgeons, New York, NY: 
“Perioperative Beta-Adrenergic Receptor Desensitization” 


Arthur W. Wallace, mp, PhD, University of California, San Francisco, CA: 
“Hemodynamic Determinants of Left Ventricular Function and Myocardial Ischemia 
in Man” 


1993 B.B. SANKEY 
ANESTHESIA ADVANCEMENT AWARDS 


Applications for up to $25,000 are invited for the 1993 Awards, subject to the 
following basic conditions: 


@ Proposals must be within the general field of anesthesiology and may be for 
research, clinical care, education, or administration. 


Applicants must be members of the International Anesthesia Research Society. 


Applications must be received in the [ARS Cleveland office no later than 
December 11, 1992. Where relevant, applications must include institutional 
approval of human studies and/or animal research. 


@ The official application for the Award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


International Anesthesia Research Society 
2 Summit Park Dr., #140 

Cleveland, OH 44131 

Telephone: (216) 642-1124 


The 1993 Awards will be announced at the 67th Congress of the International 
Anesthesia Research Society to be held at the San Diego Marriott, March 19-23, 
1993. 


THE BEN COVINO 
RESEARCH AWARD 


Applications for up to $10,000 are invited 
for the 1993 Ben Covino Award, subject to 
the following basic conditions: 


@ The proposal should primarily relate to 
the use of local anesthetics/regional an- 
esthesia, specifically within the preclini- 
cal and explorative clinical research 
fields. 


® Applications to the Covino Award Com- 
mittee must be received in the IARS 
Cleveland office no later than November 
20, 1992. Where relevant, applications 
must include institutional approval of 
human studies and/or animal research. 


@ The official application for the Award 
must be used. This form, as well as the 
guidelines for applicants, is available on 
request to: 


International Anesthesia Research Society 
2 Summit Park Drive, Suite 140 
Cleveland, OH 44131 

USA 

Telephone: (216) 642-1124 


The establishment of the Ben Covino Award was 
announced at the 1992 Annual Scientific Meeting 
of the International Anesthesia Research Soci- 
ety held at the San Francisco Hilton. The Ben 
Covino Award has been instituted by Astra Pain 
Control, Sweden. 





The SafeTrak™ 
Epidural Catheter 
Adapter puts a 
whole new twist on 
epidural catheter 
management. Kendall’s unique design addresses your 
postoperative epidural pain management concerns. 


E Insures safe, reliable catheter access 
over longer durations without accidental 
disconnection worry. 

@ Clearly marked EPIDURAL, the SafeTrak 
Adapter is bright yellow to reduce drug 
injection errors. 

Œ Guesswork is eliminated when securing the 
adapter. When the word SAFETRAK lines up, 
your connection is complete. 


The SafeTrak Epidural Catheter Adapter. It puts a 
whole new twist on safety and reliability. 


Safety is SafeTrak 





SAFETRAK 
KENDALL 


HEALTHCARE PRODUCTS COMPANY 





15 Hampshire Street * Mansfield, MA 02048 ¢ 1-800-962-9888 


|_] Please send me more information on the SafeTrak™ Epidural 
Catheter Adapter. 


C] Have a Kendall sales representative call me to schedule an 
appointment. 


Name 


Title 











Street 





City/State/Zip 





Telephone: {it 





SafeTrak is a trademark of Kendall Healthcare Products Company. 
©1991 Kendall Healthcare Products Company. All rights reserved. 
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For many 
reasons 








Common patient type Common patient type 
Obese Both adults and 
children 





Advantage of Tracrium Advantage of Tracrium 
No difference in Clinical response 
recovery from neuro- unaffected by hepatic 
muscular blockade function? or patient 
between normal and age.” 

obese patients. ' 











Total hip Renal surgery Neurosurgery Everyday 





replacement for trauma procedures 

- Common patient type Common patient type Common patient type Common patient type 
Elderly women and Both adults and Both adults and Average 
men children children 
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Advantage of Tracrium Advantage of Tracrium Advantage of Tracrium Advantage of Tracrium 


Recovery time Recovery time Effect unchanged by The same reasons 
unaffected by age.’ unaffected by renal concomitant anticon- | Tracrium is ideal for 
dysfunction.’ vulsant medications special patient types 
(phenytoin, carba- make it the choice for 
mazepine).*” everyday procedures. 








TRACRIGM  niccrion 
(atracurium besylate) 10 mg/mL 


Farny dietah) r eny ry 


TR-Y03368 See brief summary of prescribing information on adjacent page. 





TRACRIUM® INJECTION 


(atracurium besylate) 
Brief Summary 
This drug shouid be used only by adequalely tained individuais familar wih is actione, characters, and 


helene AND USAGE: Tracrium is indicated, as an adjunct to general anesthesia, jo facilitate 
endotracheal intubation and to provide skeletai muacie relaxation during surgery or machanica! vantiation. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT AND 
RESPIRATORY SUPPORT EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE, DO NOT GIVE TRACRIUIM BY INTRAMUSCULAR ADMINISTRATION, Tracrium 
has no known effect on consciousness, pain threshold, ry aaron hecho ae Hello fe 
anesthesia. Tracnum Infection, which haa an acid pH, should not be mixed with allatine solutions (e.g, barbllurate 
administered intravenous Infusion 
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associa an Increased Incidence of neurologica! and other complications In om Infante which 
ate somatines fatal. Tracrium injection 5 mi. ampuis and 6 mL single use vials do not contain benzyl alcohol, 
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metocurine, the ne release Special 
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seein vane ed may be red in bum patients and are dependent on the time 
since the bum and the size of the burn. The safety of Tracrum has not been estab!ished in patlants 
with bronchial asthma. Term Use in intensive Care Unit (CU): Trecctum has been used to facilitate 
mechanical ventilation in Yehan there is a need for mechanical ventiation, the banalis 
to risk ratio of neuromuscular blockade must be considered. ts onty limited Information an the 
efficacy and safety of Tracrium administered by long-term (days to weeks) intravenous infusion to facilitate 
mechanical tensive racrtum, 
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The overall incktence raie for clinically important ipa lar ced retary Av th 


signdicance 
vital sign changes greater than or equal BOK cheated ki 650 ratiants ttre i 
weru as folicwe: In those patients given the recommended india! dosage of 0.31 to 0.50 of Tracrium, 


CES o sci erg pala Based on cinica! experience in the U.S. and the Uniad 
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CHAIRMAN, DEPARTMENT 
OF ANESTHESIA 


Our 297 bed community hospital, located in 
residential area of South Philadelphia, has 
position available for Chairman of the Depar 
ment of Anesthesia. We are a preferred affillat 
of one of the major teaching Institutions In Phi 
adelphia with residents on rotation in Medicine 
Obstetrics and Gynecology, ENT and Eme 
gency Medicine. 


Six modern operating rooms provide the phys 
clans with adequate space to perform in exces 
of 6700 surgical procedures per year. Our activ 
Emergency Department treats over 30,000 pé 
tients annually. 


The Hospital is located In close proximity to th 
Philadelphia Sports Complex, Historic area, an 
Philadelphia International Airport. 


Interested individuals should forward their curric 
ulum vitae to: 


David Iddenden, M.D. 
Chairman, Search Committee 
Methodist Hospital 

2301 South Broad Street 
Philadelphia, PA 19148 


NURSE 
ANESTHETISTS 


TOP-NOTCH 
HEALTH CARE IN A 
DOWN-HOME SETTING 


Appalachian Regional Healthcare, a not-for- 
profit multi-hospital corporation, is seeking 
nurse anesthetists for six hospitals in the 
beautiful rural Appalachian Mountain area of 
eastern Kentucky. Hospitals range in size 
from 50-208 beds. Excellent salary, benefits, 
and bonus opportunities. Find out how you 
can help us practice “top-notch heaith care in 
a down-home setting.” Call or send resume to 
Gary Smock, Manager of Employment, 
Appalachian Regional Healthcare, inc., 
P.O. Box 8086, Lexington, Kentucky 
40533, 1-800-888-7045. 


mts, 


APPALACHIAN REGIONAL HEALTHCAAE 
An Equal Opportunity Employer M/F 





Effects of Opioids on Vasoresponsiveness of Porcine 


Coronary Artery 


Takao Yamanoue, MD, Jose M. Brum, MD, Fawzy G. Estafanous, MD, 
Carlos M. Ferrario, MD, and Philip A. Khairallah, MD 


Division of Anesthesia, Cleveland Clinic Foundation, Cleveland, Ohio 





Myocardial ischemia during surgery can be caused by 
coronary vasospasm. Neurohumoral mechanisms are 
involved in this phenomenon, and various sub- 
stances have been suggested as possible causes, 
including acetylcholine, histamine, and norepineph- 
rine. The responses of isolated porcine coronary 
arteries (from 117 pig hearts) with (E+) and without 
(E—) endothelium to these agents were investigated 
in the presence of fentanyl, sufentanil, and mor- 
phine. Fentanyl significantly shifted to the right, in a 
concentration-dependent fashion, the concentration- 
response curve to acetylcholine. This effect was not 
different between E+ and E- rings. Neither sufenta- 
nil nor morphine altered acetylcholine-induced con- 


traction of porcine coronary arteries. Naloxone did 
not antagonize the suppressive effect of fentanyl on 
acetylcholine-induced contraction. The response of 
porcine coronary arteries to norepinephrine was de- 
creased only at very high concentrations of fentanyl. 
Neither sufentanil nor morphine altered norepineph- 
rine-induced contraction of porcine coronary arteries. 
Fentanyl, sufentanil, and morphine had no effect on 
histamine-induced contraction. We conclude that 
fentanyl antagonized acetylcholine-induced contrac- 
tion of porcine coronary arteries. This effect of fenta- 
nyl seems to be caused by a direct effect on smooth 
muscle cells and is not opioid-receptor mediated. 
(Anesth Analg 1992;74:889-96) 





ntraoperative myocardial ischemia has been in- 

vestigated extensively (1,2). Coronary vasospasm 

is probably one important cause of intraoperative 
myocardial ischemia (3). It is difficult to establish this 
diagnosis precisely during surgery because in most 
instances information on coronary vasomotor tone is 
not available. The mechanisms of intraoperative oc- 
currences of coronary vasospasm and the possible 
effects of anesthetic agents in this pathology are still 
unclear. Nevertheless, many reports suggest the oc- 
currence of coronary vasospasm during both cardiac 
(4,5) and noncardiac surgery (5-7). 

Cholinergic activation of muscarinic receptors has 
been proposed as a mechanism responsible for coro- 
nary vasospasm (8). Angina can be induced by sub- 
cutaneous injection of methacholine, a muscarinic 
agonist, and suppressed by atropine in humans (9). 
This effect of methacholine was associated with con- 
traction of coronary arteries and confirmed by coro- 
nary arteriograms (10) in humans. Further studies 
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with isolated human coronary arteries, obtained from 
recipient and cadaver hearts (11,12), showed that 
acetylcholine contracted coronary arteries and that 
the contraction was suppressed by atropine. Musca- 
rinic agonists also produce coronary contraction in 
porcine (13-15) and many other species, although 
canine coronary rings with intact endothelium relax 
in the presence of muscarinic agonists (13). 

Because of lack of significant effects on myocardial 
contractility, opioids are widely used in anesthesia 
for patients who have poor cardiac reserve. In addi- 
tion, opioid anesthetic agents have little effect on 
coronary vasoreactivity. Blaise et al. (16) reported that 
fentanyl had no direct effect on coronary arteries of 
dogs, pigs, and rats. They also reported that fentanyl 
slightly attenuated canine coronary arterial contrac- 
tion caused by phenylephrine but had no effect on 
contraction caused by serotonin. They did not inves- 
tigate the effect of fentanyl on cholinergic-mediated 
coronary vasoconstriction. Although it is difficult to 
determine whether cholinergic activation is responsi- 
ble tor intraoperative coronary vasospasm, choliner- 
gic mechanisms do participate in coronary vasospasm 
in many species, including humans (8). Therefore, 
cholinergic-mediated coronary vasoconstriction un- 
der the effects of anesthetic agents seems worthy of 
investigation. 


Anesth Analg 1992;74:889-96 889 
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The purpose of this study was to assess the effect 
of opioid anesthetic agents, such as fentanyl, sufen- 
tanil, and morphine, on coronary vasoconstriction 
caused by cholinergic, a-adrenergic, and histaminer- 
gic agents. 


Methods 


This study was approved by the Cleveland Clinic 
Animal Care and Use Committee. One hundred 
seventeen hearts of adult pigs of either sex were 
obtained immediately postmortem at a nearby 
slaughterhouse (Polansky Market, Amherst, Ohio) 
and transported in ice-cold buffered salt solution. 
Within 1 h, left anterior descending coronary arteries 
were removed from the animal heart and placed in 
cold buffered salt solution (millimolar composition: 
NaCl, 118.3; KCI, 4.7; CaCl, 2.5; MgSO, 1.2; 
KH,PO,, 1.2; NaHCO, 25.0; edetate calcium diso- 
dium, 0.026; and glucose, 11.1). Arteries, 3-4 mm in 
diameter, were cleansed of surrounding fat and con- 
nective tissue and cut into 5-mm-long rings, with care 
taken not to damage the intimal surface. The endo- 
thelium was deliberately removed in some rings by 
gently rubbing a fine stainless steel rod against the 
vessel intima. Rings were suspended between two 
stainless steel wires in organ chambers filled with 
25 mL of buffered salt solution at 37°C bubbled with 
95% O5% CO, gas mixture. One of the wires was 
anchored in the organ chamber, and the other was 
connected to a force transducer. Before the actual 
experiment, the preparations were progressively 
stretched and repeatedly exposed to 40 mM of KCI to 
induce contraction at each level of stretching, until a 
maximal contractile response was obtained. As the 
basal tension generated by this process indicates the 
optimal point of a length-tension curve, this response 
was used as a reference tension. All of the contrac- 
tions induced by agonists during experiments were 
expressed as percentages to this reference tension. 
The effectiveness of the endothelium denudation was 
assessed by exposing the rings (contracted by KCI) to 
1077 M of substance P, because porcine coronary 
artery is relaxed by substance P in the presence of 
intact endothelium (17); this endothelium-dependent 
relaxation does not occur with acetylcholine (14,18). 
The rings were then allowed to equilibrate for 45 min. 

Rings with (E+) and without endothelium (E—) 
each were preinctibated with fentanyl (3.16 x 107’, 
3.16 x 1076 M), sufentanil (3.16 x 1077, 3.16 x 107° M), 
or morphine (1077, 1074 M). These experiments were 
done in parallel, where artery rings from the same pig 
were used as control. 

Cumulative concentrations of acetylcholine (from 
107?° M up to the concentration that made maximal 


response, 3.16 X 107° to 3.16 x 107° M), norepineph- 
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rine (10~'° up to 1074 M), and histamine (107"° up to 
1074 M) were added to each organ chamber, and the 
tension generated by the rings was measured in 
grams. The responses to norepinephrine were ob- 
tained in the presence of a concentration (5 x 107° M) 
of propranolol known to produce total B-adrenergic 
blockade. 

To investigate the participation of opioid receptors 
in the effects of fentanyl in the dose-response curve to 
acetylcholine, these experiments were repeated on 
rings with endothelium in the presence and absence 
of naloxone (107°, 107° M). 

The EC; values (concentration of acetylcholine 
causing 50% of maximal response) were calculated by 
using linear regression analysis from data between 
20% and 80% of maximal responses. Within this range, 
linearity was well maintained (0.97 < correlation coef- 
ficient [R] = 1.00). 

The following drugs were used: acetylcholine, nor- 
epinephrine, histamine, propranolol (Sigma, St. 
Louis, Mo.), fentanyl citrate, sufentanil citrate fans- 
sen, Piscataway, N.J.), morphine sulfate (Elkins- 
Sinn, Cherry Hill, N.J.), and naloxone hydrochloride 
(Du Pont, Manati, P.R.). The drugs were prepared 
daily in distilled deionized water or in 0.1% solution 
of ascorbic acid in water and kept on ice during the 
experiments. 

The results were expressed as mean + sE. Com- 
parison of concentration-response curves was accom- 
plished by the following procedure: (a) The parallel- 
ism was analyzed by comparing the slopes of linear 
regression lines from data between 20% and 80% of 
maximal responses. (b) As the parallelism was con- 
firmed in every protocol, ECs, values were compared 
by one-way analysis of variance. When paired data 
from animals were compared in parallel, Student’s 
t-test was done for paired observations. Data not 
from the same population of animals were analyzed 
by Student's t-test for unpaired observation. Values 
were considered statistically significant when P < 
0.05. 


Results 


The porcine coronary artery rings contracted in re- 
sponse to acetylcholine within the concentration 
range 1078 to 3.16 x 107° M. There were no differ- 
ences in the contractile responses between vessels 
with and without endothelium. The concentration- 
response curve to acetylcholine was significantly 
shifted to the right when the experiment was done in 
the presence of fentanyl (3.16 x 1077 M). No signif- 
icant differences were detected at the level of maximal 
contraction. This effect was present in vessel rings 
with and without endothelium, and no differences 
were observed in this regard. A 10 times higher 
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Table 1. Acetylcholine-Induced Coronary Artery 
Vasoconstriction (log EC;,): Effect of Fentanyl 


Without fentanyl Wi etony 


Control group 3.16x 107M  3.16x10°M 

(n = 20) (n = 13) (n = 7) 
E+ —6.81 + 0.06 —6.29 + 0.06%  —5.58 + 0.05%” 
E- —6.87 + 0.10 —6.38 + 0.14" —5.66 + 0.09%” 


E+, rings with endothelium; E—, rings without endothelium. 
Values are expressed as mean + SEM. 

“P < 0.05 compared with control group. 

°P < 0.05 compared with 3.16 x 10°” M fentanyl group. 


Table 2. Acetylcholine-Induced Coronary Artery 
Vasoconstriction (log ECs): Effect of Naloxone 
and Fentanyl 


With naloxone 





Group Without naloxone 10 °M 10 °M 

Control —6.72 + 0.05 —6.76+ 0.08  -6.70 + 0.03 
(n = 11) (n = 8) (n= 7) 

Fentanyl 6.29 2 OG —6.39 + 0.11 —6.32 + 0.06 
(n = 10) (n = 8) (n= 5) 





All rings are with endothelium. The concentration of fentanyl used is 
3.16 x 1077 M. In both control and fentanyl-pretreated groups, no signifi- 
cant differences are shown among rings with the two concentrations with 
and without naloxone. 

Values are expressed as mean + SEM. 


concentration of fentanyl (3.16 x 10 ° M) caused a 
further shift to the right in the concentration- 
response curve of acetylcholine, without any signifi- 
cant influence of the endothelium (Figure 1). The 
dose-dependent suppressive effects of fentanyl were 
also expressed by a significant increase of EC; values 
(Table 1). Neither sufentanil nor morphine (Figure 1) 
altered the concentration-response curve to acetyl- 
choline. 

Naloxone, a nonspecific opioid antagonist, did not 
alter the vasoconstriction produced by acetylcholine. 
Naloxone did not change the shift in the acetylcholine 
vasoconstriction caused by fentanyl (Figure 2). The 
EC.) values of acetylcholine-induced contraction, 
both in the presence and absence of fentanyl, were 
not altered by pretreatment with naloxone (Table 2). 

Norepinephrine at the range 10 ” to 10 * induced 
a significant contraction of the porcine coronary ar- 
tery rings. The vasoconstriction caused by norepi- 
nephrine was significantly increased in rings without 
endothelium at the concentrations of norepinephrine 
>3.16 x 10 ’ M. Fentanyl in the organ bath at 3.16 x 
10 ’ M did not alter the response to norepinephrine 
(Figure 3A). Fentanyl at a very high concentration 
(3.16 x 10 ° M) significantly decreased the response 
to higher concentrations of norepinephrine (10 ° to 
10 ° M) in rings with and without endothelium 
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Figure 2. Cumulative concentration-response curve to acetylcho- 
line of porcine coronary rings with endothelium. Responses of 
control rings (circles) and responses of rings in the presence of 
fentanyl (3.16 x 10 7” M) (lozenges). Rightward shift of the curve of 
rings with fentanyl (1 = 10) as compared with control rings (n = 11) 
is shown in the upper panel. Influences of two concentrations of 
naloxone, 10 ĉ M (n = 8) and 10 ° M (n = 5-7), are shown in the 
middle and lower panels, respectively. Contractions are expressed as 
a percentage of the maximal response to standard 40 mM KCI 
challenge. Naloxone, at either concentration, did not affect the 
contractile response to acetylcholine. Further, naloxone did not 
alter the rightward shift of the concentration-response curve to 
acetylcholine by fentanyl. 


(Figures 3B and 3C). Neither sufentanil nor morphine 
in any concentration used in this study altered sig- 
nificantly the concentration-response curve to norep- 
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Figure 3. Cumulative concentration-response curve to norepinephrine of porcine coronary rings with (E+, solid symbols) and without (E~, 
open symbols) endothelium in the presence and absence of fentanyl. Contractions are expressed as a percentage of the maximal response 
to standard 40 mM KCI challenge. (A) Responses of control rings (n = 17) (circles); responses of rings in the presence of fentanyl (3.16 x 
1077 M, n = 8) (lozenges). Contractile response to norepinephrine in rings without endothelium was significantly larger than that in rings 
with endothelium at the concentration of norepinephrine >3.16 x 10°’ M. Fentanyl did not alter the contractile response to 
norepinephrine. (B,C) Responses of control rings (n = 17) (circles); responses of rings in the presence of high concentration of fentanyl 
(3.16 x 107° M, n = 9) (squares). A very high concentration of fentany] significantly attenuated the contractile response to norepinephrine 
in rings both with and without endothelium at the concentration of norepinephrine from 10~° to 107° M. 


inephrine in intact or endothelium-denuded vessels 
(data not shown). 

Histamine caused concentration-dependent con- 
traction in the coronary artery rings with onset at 
1077 M and maximal response at 1074 M. The re- 
sponses to histamine were not significantly altered by 
endothelium. Fentanyl, sufentanil, or morphine at 
the concentrations used in this study did not signifi- 
cantly affect the histamine-induced contraction (Fig- 
ure 4). 


Discussion 


The current study indicates that fentanyl attenuates 
muscarinic-mediated contraction of porcine coronary 
arteries. This attenuation is probably due to a direct 
effect of fentanyl on vascular smooth muscle because 
it occurs independently of endothelial integrity. 
Other investigators have shown that acetylcholine- 
induced contraction of porcine coronary arteries is 
endothelium independent (14,18). These findings 
were also reported in isolated human coronary arter- 
ies (19,20). Further, binding assays demonstrated the 
presence of muscarinic receptors solely in porcine 
coronary arterial smooth muscle cells but not in the 
endothelium (18). These studies substantiate our 
findings that porcine coronary vasoconstriction due 
to acetylcholine is independent of the integrity of the 
endothelium. In contrast, endothelium-dependent 
relaxation due to other agents is present in porcine 
coronary arteries. For example, responses to sub- 


stance P, bradykinin, and serotonin were well dem- 
onstrated in porcine coronary arteries, suggesting 
participation of endothelium-derived relaxing factor 
on the responsiveness of these vessels (13). Never- 
theless, the vasoconstriction caused by acetylcholine 
in the porcine coronary arteries is not affected by the 
endothelium, and the attenuation of this contraction 
probably occurs on the vascular smooth muscle cells. 

The fact that naloxone did not alter the effect of 
fentanyl on muscarinic response strongly suggests 
that this phenomenon is not opioid-receptor medi- 
ated. Further, sufentanil, which is five to ten times 
more potent than fentanyl, and morphine did not 
reproduce the effect of fentanyl on cholinergic- 
mediated contraction. An opioid receptor-mediated 
modulatory role has been observed in prejunctional 
muscarinic cholinergic responses of canine bronchial 
smooth muscle (21) and rabbit isolated heart (22). In 
the present study, the effect of fentanyl on muscar- 
inic-mediated vasoconstriction seems to be indepen- 
dent of opioid receptor activation. 

One possible explanation of the effects of fentanyl] 
on cholinergic vasoconstriction is through direct in- 
terference by fentanyl with the muscarinic receptor in 
the porcine coronary arteries. Differences in the mo- 
lecular structure and not in the opioid character 
among fentanyl, sufentanil, and morphine would 
favor the hypothesis of an “antimuscarinic” activity 
particular to fentanyl. Further, the solvent vehicle for 
fentanyl and sufentanil is the same. A comparison of 
the sufentanil and fentanyl molecules reveals struc- 
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tural dissimilarities that may account for the differen- 
tial muscarinic-mediated vascular responses. There- 
fore, a nonopioid, direct effect of fentanyl on the 
muscarinic receptor is possible. 

Another possible explanation of the suppressive 
effect of fentanyl is through interference in the mus- 
carinic process of signal transduction in the coronary 
vascular smooth muscle cells. Some anesthetic agents 
directly affect the guanine nucleotide binding pro- 
teins (G-protein), which has been suggested to be the 
primary site for the action of anesthetics (23). The 
present study does not provide any evidence con- 
cerning the interaction of fentanyl with the process of 
signal transduction. Our observation that fentanyl 
not only has a significant modulatory effect on cho- 
linergic mechanisms, but on adrenergic mechanisms 
as well, may suggest the possibility that fentanyl 
affects a second-messenger mechanism common to 
both types of receptors. 

Our results with regard to the effect of fentanyl on 
adrenergic contraction of porcine coronary arteries 
agree with the findings of other authors. Toda and 
Hatano (24) observed that fentanyl shifted to the right 
the concentration-response curve of the rabbit aorta 
to norepinephrine only at a very high concentration 
of fentanyl. They also observed that the effect was not 
mediated by opioid receptors and suggested that 
fentanyl antagonized in a competitive manner the 
a-adrenergic receptors in the vascular smooth mus- 
cle. Blaise et al. (16) reported that fentanyl induced a 
small attenuation in phenylephrine-induced contrac- 
tion of canine coronary arteries. In agreement, our 
results also indicate attenuation of adrenergic- 
mediated coronary vasoconstriction only at a concen- 
tration of fentanyl that has no clinical application. 

Histamine has been used to induce experimental 
coronary vasospasm, as have ergonovine and acetyl- 
choline. Coronary vasospasm in atherosclerotic min- 
iature pigs was induced by histamine mainly in 
vessels with intimal thickening, suggesting that 
structural changes over time are responsible for en- 
hancing histamine effects (25). Histamine also in- 
duces vasoconstriction in human coronary arteries 
that is enhanced by damaged endothelium (26). Our 
results confirm that histamine is a coronary vasocon- 
strictor in the adult pig coronary artery with or 
without endothelium. This vasoconstriction was not 
altered by any opioid anesthetic agents used in this 
study. These findings may suggest that high-dose 
opioid anesthesia would not offer any protective 
effect against coronary vasospasm induced by hista- 
mine. 

Furchgott and Zawadzki (27) showed that endo- 
thelium modulates the acetylcholine vasoconstrictor 
effect on the vascular smooth muscle by releasing a 
relaxing factor. This modulatory role of the endothe- 
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lium was described in coronary arteries of dogs and 
other species in response to many pharmacologic 
agents and also in vivo (28). A similar phenomenon 
was also observed in isolated human coronary arter- 
ies (29). Most investigations concerning the reactivity 
of human coronary arteries to muscarinic agonists 
show an endothelium-independent contraction 
(13,19,20). The contractile response in humans re- 
sembles that in pigs (13,14) and other species (13). 
Responses of porcine coronary arteries to acetylcho- 
line and histamine are very similar to those of human 
coronary arteries (30). Therefore, we believe porcine 
coronary artery to be a valid animal model. 

The concentration of fentanyl used in the present 
study (—6.5 log M) is equivalent to approximately 
70 ng/mL. This is within the upper range of the 
plasma level of fentanyl when used as high-dose 
fentanyl anesthesia, although the plasma level of 
fentanyl usually becomes lower than this concentra- 
tion over time during surgery (31). In contrast, suf- 
entanil did not affect cholinergic porcine coronary 
contraction even at concentrations far higher than 
any of clinical relevance. Sufentanil did not provide 
any attenuation of coronary vasoconstriction caused 
by neurohumoral agents used in this study. We 
focused on the effect of the opioid anesthetic agents 
that are most widely used for cardiac surgery. Vola- 
tile anesthetic agents have coronary vasodilator ef- 
fects (3). Whether those volatile agents also interfere 
with muscarinic-mediated coronary reactivity is un- 
known. 

We report here the suppressive effect of fentanyl 
on acetylcholine-induced contraction of isolated por- 
cine coronary arteries. This phenomenon was endo- 
thelium independent and did not occur through an 
opioid receptor mechanism. Other properties of fen- 
tanyl, especially its effects on the central nervous 
system, may alter the possible protective effect of 
fentanyl against cholinergic-mediated coronary con- 
striction. Our work suggests that high-dose fentanyl 
anesthesia might have a protective effect against 
cholinergic coronary vasoconstriction. It is not clear 
whether cholinergic activation plays a major role in 
intraoperative coronary vasospasm. If so, such intra- 
operative coronary vasospasm might be blunted by 
high-dose fentanyl anesthesia. 
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Sore Throat After Endotracheal Intubation 


Hans Mandge, MD, Lone Nikolajsen, Mp, Uffe Lintrup, Dorte Jepsen, and 


Jorgen Molgaard, MD 


Department of Anesthesia, Central Hospital, Herning, Denmark 


Nitrous oxide can diffuse into the cuff of an endotra- 
cheal tube during tracheal intubation, and the cuff 
pressure against the tracheal wall may cause mucosal 
damage. An endotracheal tube has been developed 
(Brandt Anesthesia Tube) that effectively limits ni- 
trous oxide-related intracuff pressure increases. We 
determined whether the incidence of postoperative 
sore throat could be reduced by using this tube. 
Forty-eight female patients, 18-50 yr of age, were 
included in the study. Endotracheal intubation was 
performed with either a Brandt Anesthesia Tube or a 


Mallinckrodt endotracheal tube. All patients were 
interviewed postoperatively after 20-30 h by individ- 
uals who did not know which tube was used. In the 
Mallinckrodt group, 12 of 20 patients had a sore throat 
and 10 patients had intracuff pressures greater than 
25 mm Hg. Only 3 of 20 patients in the Brandt group 
had a sore throat. We found that the incidence of sore 
throats after intubation could be significantly reduced 
by using the Brandt Anesthesia Tube (P < 0.005). 
(Anesth Analg 1992;74:897-900) 





itrous oxide will diffuse through the cuff wall 
N” an endotracheal tube during anesthesia, 

causing an increase of cuff volume and intra- 
cuff pressure (1-3). The pressure of the cuff against the 
tracheal wall depends on the compliance of the cuff and 
the trachea. A new cuff system (Brandt, Rediffusion 
System, Mallinckrodt Medical (UK) Ltd, Northampton, 
U.K.) has been developed that limits increases in ni- 
trous oxide-induced pressure (4). The purpose of this 
study was to investigate whether the incidence of sore 
throat after short-term endotracheal intubation could be 
reduced by using the Brandt Anesthesia Tube. 


Methods 


After gaining approval from the County Ethical Com- 
mittee, 48 female patients (all between 18 and 50 yr of 
age) were studied. All were to undergo operation for 
which endotracheal intubation was expected to last 
for at least 1 h. The operations were 27 gynecologic 
laparotomies, 5 cholecystectomies, 7 mastectomies, and 
9 orthopedic arthroscopies. Patients who smoked more 
than 10 cigarettes a day or who had symptoms of upper 
airway irritation were excluded from the study. 
Endotracheal intubation was performed with ei- 
ther a Mallinckrodt endotracheal tube or a Brandt 
Anesthesia Tube. The tubes were identical in both size 
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(7.5 mm) and composition (polyvinyl chloride), and 
each had a large-diameter low-pressure cuff (Figure 1). 
The Brandt tube had a specially designed pilot rediffu- 
sion balloon outside the patient. Because the cuff and 
the pilot balloon communicated through the inflation 
line, an increase in the nitrous oxide concentration in 
the cuff would have the consequence of producing the 
same increase in the nitrous oxide concentration in the 
pilot balloon. The balloon had a higher compliance and 
larger volume than the cuff, and therefore, the cuff 
pressure increase was limited to safe levels (5). 

All 48 patients consented to participate in the 
study and were randomized to tracheal intubation 
with either tube. Anesthesia was intravenously in- 
duced with fentanyl and thiopental. Atracurium was 
used for muscle relaxation; its magnitude was moni- 
tored by a train-of-four stimulation. The endotracheal 
tube was moistened with water, and the intubation 
was performed by one of the investigators. A pres- 
sure gauge was connected to the ventilation bag, and 
the cuff was inflated until stethoscopic control over 
the trachea showed no sign of leaking air with an 
intra-airway pressure of 20 cm H,O. In every case, 
intracuff pressures were measured every 10 min by a 
Mallinckrodt hand pressure gauge. As intracuff pres- 
sures never exceeded 25 mm Hg in the Brandt group, 
pressures were registered only in the Mallinckrodt 
group. A gauze roll was inserted between the teeth 
instead of an oropharyngeal airway. Anesthesia was 
maintained by a mixture of 67% nitrous oxide and 33% 
oxygen and with intravenous atracurium, thiopental, 
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Figure 1. A Brandt tube (bottom) and a Mallinckrodt tube (top). 


and fentanyl as needed. Every 60 min, cuff pressure 
was decreased to the value that just permitted the 
trachea to be sealed using the same procedure as 
described earlier. 

All patients were interviewed 20-30 h postopera- 
tively by one of the investigators who used a set 
protocol but who had no knowledge of which of the 
two endotracheal tubes was used. Patients were asked 
whether they had experienced a sore or scratchy throat 
from the time of extubation to the interview. The replies 
were divided as follows: (a) no complaints at all (0 
points), (b) minimal sore throat (1 point), (c) moderate 
sore throat and/or a slight hoarseness (2 points), and 
(d) a severe sore throat and/or a severe hoarseness (3 
points). As a sore throat could also be caused by acid 
gastric contents, patients were also asked about nausea 
and vomiting to eliminate this effect. 

Patients were excluded from the study if they 
needed a gastric tube, sustained a difficult endotra- 
cheal intubation (i.e., more than one attempt at 
passage of the tube), or coughed during intubation. 

The Mann-Whitney test was used to identify age 
differences, durations of tracheal intubation, and sore 
throat scores between the two groups. The incidence 
of nausea was evaluated with Fisher's exact test. 
Spearman’s test was used to test the correlation 
between the sore throat scores and cuff pressure and 
the duration of tracheal intubation. P < 0.05 was 
accepted as statistically significant. 


Results 


Eight patients were excluded from the study because 
of difficult intubation (four), because of coughing 
during intubation (two), and because of having a 
gastric tube (two). There was no statistical signifi- 
cance in age difference and nausea incidence between 
the two groups (Fisher’s exact test, P = 0.75). The 
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Table 1. Mean Score and Distributions of Scores 





No. of patients 








Mean 
n score Score 0 Score 1 Score 2 Score 3 
Brandt 0.2 t7 2 1 0 
(n = 20) 
Mallinckrodt 0.9 8 7 4 1 


(n = 20) 





Scoring scale: 0 = no complaints at all, 1 = minimal sore throat, 2 = 
moderate sore throat and/or a slight hoarseness, 3 = severe sore throat 
and/or a severe hoarseness. 


Patients 





Score 


Figure 2. The distribution of scoring in the Brandt (open bars) and 
Mallinckrodt group (cross-hatched bars). 


duration of endotracheal intubation ranged from 60 
to 180 min and did not differ in the two groups. Also, 
there was no correlation between the duration of 
endotracheal intubation and sore throat scores 
(Brandt group: p = 0.383, correlation for ties; 
Mallinckrodt group: p = 0.157, correlation for ties). 
There was a high statistical difference of sore throat 
scoring in the two groups (P < 0.01). The mean score 
and distribution of sore throats scoring are shown in 
Table 1. In the Mallinckrodt group, 12 of 20 patients 
complained of a sore throat postoperatively; in the 
Brandt group, only 3 of 20 patients complained of a 
sore throat. The number of patients and their scores 
are shown in Figure 2. In the Mallinckrodt group, 10 
intracuff pressures higher than 25 mm Hg were 
measured; and there was a statistically significant 
correlation between intracuff pressure and sore throat 
score (p = 0.464, P = 0.049). Table 2 shows data for 
age, duration of endotracheal intubation, nausea, 
score (and for the Mallinckrodt group, intracuff pres- 
sure). The number of patients and the distribution of 
intracuff pressure in each score group is shown in 
Figure 3. 


Discussion 


The incidence of postanesthetic sore throat ranged from 
24% to 90% (6) and was affected by endotracheal cuff 
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Table 2. Patient Data 
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Brandt Anesthesia Tube 


Mallinckrodt tube 








Duration of Duration of Maximum 
Age intubation Age intubation cuff pressure 

(yr) (min) Nausea Score (yr) (min) Nausea Score (mm Hg) 
39 120 + 0 39 105 + 2 — 
48 155 + 0 JI 90 = 0 7 
42 100 + 0 45 70 = 2 42 
46 120 + 0 33 65 + 1 31 
25 65 2 0 45 180 + l 24 
44 105 = 0 48 60 + 0 23 
44 90 + 0 28 70 = 0) 14 

60 + 0 28 90 + 0 19 
48 90 $ 0 30 105 + 0 14 
49 100 = 0 46 90) = ] 4] 
26 90 = 2 39 60 + 0 28 
45 60 + 0 23 135 + 2 37 
28 90 + 0 45 60 + 3 46 
39 115 + 0 49 120 = l 19 
31 90 + 0 29 130 + 0 26 
32 J9 = l 33 120 = l 42 
45 90 + 0 50 115 = 0 44 
45 120 2 0 46 80 = 2 15 
43 60 = ] 4] 120 = l 22 
45 120 + 0 45 60 = ] 32 

Scoring scale: 0 = no complaints at all, 1 = minimal sore throat, 2 = moderate sore throat and/or a slight hoarseness, 3 = severe sore throat and/or a severe 


hoarseness. 


E 240 mmHg 
CJ 30-39 mm Hg 
M 20-29 mmHg 
S 10-19. mmHg 
[Jo-9 mm Hg 


Patients 
= Nm Cb O° Si oO 





Score 


Figure 3. The number of patients and the distribution of intracuff 
pressure in each score group. 


tube design, intracuff pressure, use of cleaning agents, 
endotracheal tube lubricants, and several other factors. 
It has been proposed that the incidence and severity of 
sore throat after intubation is highly correlated to en- 
dotracheal tube cuff design (7-9). The effects of cuff 
design seem to be related to the cuff-trachea contact 
area. Although the eroded area of a high-volume, 
low-pressure cuff is much larger than a low-volume, 
high-pressure one, it produces less depth of tracheal 
mucosa erosion. Also, some high-volume, low- 
pressure cuffs wrinkle even though they are properly 
inflated, resulting in deep mucosal grooves (10). We 


concluded that the incidence of postanesthetic sore 
throat could be significantly decreased by using endo- 
tracheal tubes with a short tracheal cuff contact length 
(7,8). 

Some data suggest that cuff lubrication may be a 
causative factor in producing sore throat and that 
some lubricants should be avoided (9). Endotracheal 
tube cuffs may contain toxic or irritating materials 
from fabrication or washing procedures (6). 

In 1974, in vitro studies showed that nitrous oxide 
diffused into the cuffs of endotracheal tubes and 
increased their volume and pressure (1). Several in 
vivo studies have confirmed these findings, and it 
has been concluded that cuff overexpansion during 
anesthesia might be an important cause of sore throat 
after intubation (1-3). Investigations in animals have 
shown that the tracheal mucosa will be ischemic at a 
cuff-trachea pressure of more than 30 mm Hg. The 
investigators recommended that the intracuff pres- 
sures be monitored and kept below 20 mm Hg (11). 

To avoid intracuff pressure increases during anes- 
thesia, the endotracheal cutf may be inflated either 
with an anesthetic gas mixture or saline (12,13). In 
1983, the Brandt Anesthesia Tube was developed, 
which limited nitrous oxide-related intracuff pressure 
increases. Even during long-term anesthesia, the 
intracutf pressure never exceeded 25 mm Hg (4,5, 14). 

We have demonstrated that the incidence and 
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severity of postoperative sore throat after intubation 
is significantly reduced with the use of the Brandt 
Anesthesia Tube. This tube has one disadvantage, 
namely, its large sealing volume. However, this is 
outweighed by several advantages. Monitoring 
intracuff pressure and deflating the cuff to barely 
above seal pressure is not needed when using this 
tube. Thus, the risk of aspirating saliva and mu- 
cus to the airways is reduced. Once the cuff is inflated 
and sealed, no further adjustment is necessary, and 
the anesthesiologist is allowed to concentrate on 
other monitoring procedures. Cuff herniation is the- 
oretically impossible with the Brandt Anesthesia 
Tube. 

Postanesthetic sore throat cannot be totally avoided 
using the Brandt Anesthesia Tube as 3 of 20 patients 
complained of slight hoarseness after intubation. This 
indicates the presence of other causative factors such as 
laryngeal trauma when performing intubation. 

In conclusion, this study confirms the importance 
of limiting intracuff pressure increases during anes- 
thesia. Deflating the cuff every hour does not keep 
the intracuff pressure below a safe level. Perhaps 
intracuff pressure should be monitored continuously 
during endotracheal intubation. Alternatively, the 
Brandt Anesthesia Tube can be used. 
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increasing interest expressed by patients in partic- 

ipating in decisions relating to their own health 
care (1—4). An expanded awareness of the variety of 
therapeutic possibilities available in any given situa- 
tion has been created by the news media. The mo- 
mentum of the civil rights and feminist movements 
has encouraged individuals to question proffered 
medical advice, and the desire on the part of patients 
to opt for less than what medicine has to offer has led 
to the creation of written instruments to facilitate 
expression of the patient’s desires. Utilization of 
do-not-resuscitate (DNR) directives by patients in- 
creases the likelihood of a patient entering the oper- 
ating room (OR) with a DNR order in place. The 
passage of the Patient Self-Determination Act by 
Congress in 1990 (5) has the potential to increase 
patients’ awareness of their legal and moral right to 
participate in those health care decisions that affect 
their own lives. 

Patients arriving at the OR suite with a DNR order 
in place present the anesthesiologist with a classic 
ethical dilemma, i.e., conflict between two or more 
prima facie ethical principles with no clear solution. 
The caregiver is obligated to do both X and Y but is 
constrained by circumstances from doing both (6). If 
the anesthesiologist acts in a manner that preserves 
patient autonomy, as stated in an advance directive, 
he or she may compromise a duty to do good, as 
directed by the principle of beneficence. If he or she 
acts paternalistically to provide, by virtue of experi- 
ence and training, what is believed to be the indicated 
medical treatment, the anesthesiologist may be ignor- 
ing the patient’s moral rights as an autonomous 
being. Other writers (7-12) have advised courses of 
action for the anesthesiologist but have failed to 
provide the ethical reasoning to buttress those 
choices. Additionally, in discussing such terms as 


|: the past several decades, there has been an 
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advance directives and rights and duties, these writ- 
ers have assumed that anesthesiologists have the 
same familiarity with those terms as they do with 
terms such as cardiac output and pulmonary compli- 
ance. Although medical ethics has been formally 
taught at some medical schools for 20 yr or more, the 
hours allotted to these courses, the emphasis they are 
given in the curriculum, and the credentials of the 
course instructors vary widely among institutions 
(13,14). 

The purpose of this article is (a) to present the 
moral argument for making a choice based on patient 
autonomy and (b) to explicate those terms that will 
aid in understanding the moral argument. 


Concepts 


Two types of directives exist: advance and terminal. 
An advance directive is one made well before the need 
to implement it arises. A terminal directive is one made 
at end of life at such time as the need to implement 
the directive is imminent. 

Advance directives have a number of advantages 
over terminal directives. An advance directive is 
made by the person whom it will affect and as such 
reflects the autonomy and decision-making capacity 
of the person making the decision. Advance direc- 
tives are made when the emotional stresses that 
accompany the end of life are still in the future and 
decisions can be made in a relatively stress-free 
environment (15). 

There are three types of advance directives: infor- 
mational, proxy, and mixed (16). The informational 
directive is made by the patient and states his or her 
preference for various health care decisions that may 
arise when he or she is no longer able to make such 
decisions. This type of directive, exemplified by the 
living will, has the advantage of being closest to the 
patient’s own value system but has the disadvantage 
of being inflexible over time if it is not reviewed and 
updated periodically as the patient’s physical and 
mental health changes. Additionally, in some states 
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the provisions of a living will may not be in force until 
the patient enters a terminal condition (17). 

The proxy type of advance directive allows the 
patient, while still competent, to designate a surro- 
gate who will make medical decisions if and when the 
patient lacks decision-making capacity. This directive 
is one step removed from the patient’s own value 
system, as the surrogate is the chosen decision 
maker, but he or she can accommodate changes in 
the patient’s health status. The durable power-of- 
attorney for health care decisions is an example of the 
proxy type of advance directive. 

The third, and possibly best, is the mixed advance 
directive, which combines a living will and durable 
power of attorney for health care decisions so that the 
patient’s wishes are known, and those wishes may be 
modified by the surrogate as new information be- 
comes available. This type of advance directive not 
only incorporates the patient’s value system but 
remains flexible over time. The DNR decision may be 
either an advance or terminal directive (15). 

As not all patients are competent to decide issues 
relating to the conduct of their lives, the question 
logically may be raised as to who has the moral right 
to make the DNR decision. Persons, i.e., beings who 
are (a) sentient (have the capacity for feeling or 
affect); (b) sapient (have the capacity for knowing); 
and (c) have interests, have the moral right to make 
decisions affecting their own lives. This right to 
decide devolves on them solely by virtue of their 
status as persons. Respect for persons (and their right 
to decide) is the minimal condition for moral agency. 
Moral agency is defined as those actions performed 
by moral agents, i.e., persons with a sense of praise- 
worthiness and blameworthiness (18, p. 107). 

Engelhardt (18) provides a useful taxonomy to 
describe the various classifications of persons: 


1. Persons in the strict sense—full bearers of rights and 
duties with decision-making capacity. 

2. Former persons—once persons in the strict sense, 
these individuals, owing to the aging process or 
disease, no longer have decision-making capacity 
and require a surrogate to decide for them. Former 
persons have rights but no duties. 

3. Persons in the social sense—this group is composed 
of infants, children, those individuals not yet 
persons in the strict sense, and those individuals 
who because of severe mental retardation have 

“never been persons. Society treats these individu- 

` als as persons even though they are not persons in 
the strict sense. These individuals have rights but 
no duties and require a surrogate to decide for 
them. 


Obviously, only persons in the strict sense may 
decide for themselves with regard to a DNR order. 
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Persons in the other classifications will require a 
surrogate to whom the anesthesiologist must address 
his or her concerns with regard to the DNR decision. 

The right of persons to make decisions concerning 
their lives is based on the principle of autonomy 
(auto—self, nomos—rule). The rights generated by 
this principle are rights of forbearance, i.e., other 
persons must not interfere with a person's pursuit of 
his or her own good, except where others’ autono- 
mous rights come into conflict. These rights are 
negative rights in that others must refrain from actions 
that would compromise the person’s autonomy (19). 
To be autonomous is to have not only the right to 
choose freely, but the ability and opportunity to 
choose freely without coercion. Engelhardt (18) ar- 
gued that autonomy is the primary principle and that 
all others (beneficence, nonmaleficence, and justice) 
derive from it. 

What are the origins of the DNR order? What does 
the term DNR really mean? Historically, the DNR 
decision originated in the 1970s (20) in response to 
requests by the nursing staff at Massachusetts Gen- 
eral Hospital for clarification of cardiopulmonary re- 
suscitation efforts that often fell outside the American 
Heart Association guidelines (1974, 1980, 1986) (21) or 
were being performed in situations where such ef- 
forts were unwanted by the patients or their surro- 
gates. The guidelines drawn up by the Critical Care 
Committee at Massachusetts General Hospital came 
into generalized use throughout U.S. medical prac- 
tice and are now commonly referred to as DNR 
orders (22). The DNR order simply means that in the 
event of a cardiopulmonary arrest, measures will not 
be undertaken to reestablish cardiac rhythm and 
respiration. The DNR order affirmed the fact that, 
both morally and legally, the patient had the right to 
make that health care decision. 

Many health care providers do not understand 
that the choice to have a DNR order written does not 
proscribe any other treatments, including surgery, 
and represents a change in the level and intensity of 
care only to the degree that cardiopulmonary resus- 
citation is excluded (23). Often the DNR patient is one 
who has a multitude of critical health problems that 
has led to his or her decision to forego resuscitation in 
the event of cardiopulmonary arrest. These accompa- 
nying conditions increase the likelihood of a cardio- 
pulmonary arrest occurring in the OR or postanesthe- 
sia care unit. In addition, actions taken in the normal 
administration of anesthesia may cause cessation of 
respiration and depression of the cardiovascular sys- 
tem, requiring both ventilatory and cardiovascular 
support. These circumstances combine to make com- 
pliance with the patient’s DNR decision somewhat 
less clear in the OR than it is on the wards. 
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Discussion 


Among the determinations that patients may make, 
and are making, in utilizing advance directives are 
those involving the decision not to be resuscitated 
should cardiopulmonary arrest occur, often specifi- 
cally excluding ventilation, chest compression, and 
resuscitative drugs. When patients who have made a 
DNR determination come to the OR, a potential 
ethical dilemma is presented to the attending anes- 
thesiologist. 

The initial reaction to routinely suspend DNR 
orders along with all other preoperative orders 
seemed to make the assumption that DNR orders 


were no different from any other order on the chart. 


This assumption ignored the fact that medicine is a 
highly moral enterprise and that the patients being 
cared for were moral agents who had fundamental 
rights to make decisions affecting their lives. 

Physicians caring for patients not only have a duty 
to respect patient autonomy, but to do good (bene- 
ficence), to avoid harm (nonmaleficence), and to 
facilitate a patient’s access to health care based on the 
principle of distributive justice. How can the conflict 
inherent in these mandates be resolved? Part of the 
process of resolution concerns the concept of the 
physician-patient relationship. 

Pellegrino and Thomasma (24) have described an 
approach of beneficence-in-trust, where the patient's 
good is held jointly by patient and physician until 
such time as the patient is able to decide for him or 
herself. The relationship is dictated, however, pri- 
marily by the principle of beneficence. 

Brody’s model (25) of conflicting appeals directs 
that the relationship between physician and patient 
be characterized by a consideration of five moral 
appeals: (a) appeal to the consequences of our ac- 
tions; (b) appeal to rights; (c) appeal to respect for 
persons; (d) appeal to virtues; and (e) appeal to cost- 
effectiveness and justice. Whether using the benefi- 
cence-in-trust model or the model of conflicting ap- 
peals, the good sought in the therapeutic encounter 
must be that of the patient and not that of the 
physician, unless the physician’s and the patient’s 
good are consistent with one another. The autono- 
mous choices of patients must be considered. If there 
is an unresolvable conflict in the perception of the 
patient’s good between the physician and patient, 
then the physician has a moral obligation to refer to 
another physician. 

What are the anesthesiologist’s moral obligations 
to the patient coming to surgery who has a DNR 
order in place? Walker (12) proposed a flexible ap- 
proach to the patient with a DNR order, emphasizing 
communication with the patient and a process of 
withdrawal when the anesthesiologist cannot, as a 
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matter of personal morals, honor the patient’s re- 
quest. Martin et al. (9) have discussed the medical 
reasons thought to justify rescinding the DNR order 
preoperatively, but have waived the patient’s auton- 
omy in favor of the physician’s beneficence. Truog 
(10,11) asserted that the routine canceling of the DNR 
order when a patient comes to the OR is in the best 
interest of neither the physician nor the patient. 
Cohen and Cohen (7) propose five questions to be 
considered in dealing with the patient who has a 
DNR order: (a) Is surgery appropriate? (b) What does 
resuscitation during surgery mean? (c) Does with- 
holding resuscitation compromise the patient's basic 
objectives? (d) Why are OR professionals reluctant to 
retain DNR orders? (e) Has everyone involved com- 
municated clearly? They enumerated various actions 
or “oughts” but did not provide the moral argument 
necessary to support those oughts. 

Acting as a moral agent requires first a minimal 
moral sense, i.e., a realization of actions that are 
worthy of praise and worthy of blame. Second, acting 
as a moral agent requires recognition of other persons 
as beings who should be accorded the respect due the 
rights their personhood confers upon them. Third, a 
moral agent must recognize that as moral agents, 
competent individuals have the right to decide freely 
and without coercion about their own lives, so long 
as those decisions do not affect the autonomous 
actions of others. Fourth, the moral duty of the 
anesthesiologist transcends, but does not replace, the 
duty to be professionally competent. The decision 
that the patient and anesthesiologist arrive at by 
negotiation is less important than the fact that it is 
based on the fundamental regard for each other as 
persons. 

The patient coming to the OR has (if competent) 
signed a consent that specifies the operation to be 
performed. The consent is not ordinarily for a list of 
procedures from which the surgeon may choose at 
will, but for the procedure the surgeon has discussed 
with the patient citing potential benefits and risks. 
The fact that the patient has signed his or her consent 
affirms that the patient has decision-making capacity 
and has been given the requisite information to make 
a knowing decision. It does not follow logically that 
the patient who has in similar fashion opted for a 
DNR status would be any less competent to make 
that decision or that the decision could or should be 
set aside simply because the patient is about to 
undergo surgery. One moral responsibility of all 
physicians providing care is to recognize and attempt 
to honor the competent patient’s wishes as expressed 
by an advance directive; through his or her desig- 
nated surrogate by a durable power of attorney for 
health care decisions; or by parent, person acting in 
loco parentis, or legal guardian. As the moral contract 
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between physician and patient is based on an in- 
formed consent that is obtained freely and with all 
requisite facts necessary for the decision-making pro- 
cess, and as the physician has a fiduciary obligation 
to honor the trust placed in him or her by that moral 
contract, it is incumbent on the anesthesiologist to 
discuss in detail with the competent patient or his or 
her surrogate or guardian (if the patient lacks deci- 
sion-making capacity) what may occur during the 
conduct of anesthesia. The need for mechanical ven- 
tiation, the need for vasoactive drugs to support 
circulation, and the possibility that a witnessed, po- 
tentially reversible, arrest may occur during the an- 
esthetic course should all be discussed. The various 
interventions that may be required during the course 
of a general or regional anesthetic should be speci- 
fied. The patient or surrogate should have a clear 
understanding of the difference between intubation, 
ventilation, and cardiopulmonary support during the 
normal course of anesthetic management and any 
resuscitative efforts that may occur on the wards. 

The anesthesiologist should confer with the sur- 
geon before talking with the patient, as the surgeon 
may want to participate in the discussion. Few would 
hold that the “captain-of-the-ship” doctrine has any 
relevance in the OR today; rather, medical decisions 
made by anesthesiologist and surgeon together 
should have the common goal of a good therapeutic 
outcome for the patient (26). Although there are often 
differences of opinion on how the therapeutic goal 
may best be reached, each physician participating in 
the care of the patient bears a responsibility to that 
patient that is solely the individual ph¥sician’s. Sim- 
ilarly, the anesthesiologist and sur ggn are each 
moral agents whose goals should be" the patient’s 
good. Anesthesiologists can no moré Cuende: their 
moral duty for patient care to the surgeon any more 
than they can their medical duty. 

Where serious distances separate the desires of the 
patient, anesthesiologist, and surgeon, consultation 
with the institutional ethics committee may be help- 
ful in exploring the moral dimensions of the differ- 
ences involved. The roles of hospital ethics commit- 
tees are perceived differently by different persons in 
the health care system, and request for consultation 
should be made with the realization that the options 
offered by the committee may not be satisfactory to 
any or all of the parties (27). 

We believe, as Cohen and Cohen (7) stated, that if 
patients are adequately informed most would opt for 
a “negotiated suspension of the orders” during sur- 
gical procedures. This negotiated suspension would 
be predicated on the understanding that if it is later 
apparent that an irreversible catastrophic process has 
occurred, supportive and resuscitative efforts may be 
discontinued. Rachels (28) argued that there is no 
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moral distinction between not starting or stopping a 
treatment. The key to good moral management of the 
DNR patient is a frank, honest, and complete discus- 
sion with the patient or surrogate. If the anesthesiol- 
ogist is unable, on the basis of his or her personal 
moral persuasion, to comply with the patient's 
wishes, he or she should aid the patient in finding an 
anesthesiologist who can. Treatment conditions in- 
volving general anesthesia and surgery modify nei- 
ther the patient’s right as an autonomous being nor 
the anesthesiologist’s duty as a person to honor those 
rights. 

The interview with the surgical patient or surro- 
gate when a DNR order is in place is a workable goal. 
Mechanisms can be effected so that when a patient is 
scheduled for surgery, DNR status is listed and the 
appropriate anesthesiologist notified in a timely fash- 
ion. In all but the most emergent situations, prior 
notification will allow the anesthesiologist the time 
needed for the interview. 


Recommendations 


The recommended process, then, is that the anesthe- 
siologist who will be responsible for care of the DNR 
patient should engage the patient or his or her 
designated surrogate in a meaningful, informative 
discussion covering the patient’s wishes, the thera- 
peutic interventions intraoperatively that may in- 
volve treatments that also are common to cardiopul- 
monary resuscitation, and the differences between 
witnessed and unwitnessed arrests. The patient 
should have the opportunity to provide input, and 
the conclusion arrived at should be mutually accept- 
able. If such mutually acceptable conclusions cannot 
be discovered, the anesthesiologist should aid the 
patient in finding another anesthesiologist. An entry 
in the progress notes detailing the conclusions 
reached is necessary. A modification or addition may 
be made on the DNR form to enumerate the patient’s 
wishes. 

If the patient or his or her surrogate is unable to 
come to a conclusion with regard to whether or not 
the DNR is to be observed in the OR and postanes- 
thesia care unit and advises the anesthesiologist to do 
‘whatever is best,” the anesthesiologist is morally 
free to pursue the course that he or she sees as in the 
best interest of the patient. In such a situation, regard 
for the patient as a person has been observed, as the 
patient has voluntarily and freely decided to let 
others choose for him or her in the matter. Although 
specific cases cannot be cited, the impression is that 
the courts look with favor on the actions of physicians 
who are trying to comply with a patient’s wishes as 
expressed in an advance directive. The policy at The 
Children’s Hospital of Boston (11) serves as an exam- 
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ple of what can be accomplished in trying to meet the 
patients’ and physicians’ medical and moral needs. 

In an editorial in the March 1992 issue of Anesthesia 
& Analgesia, Fine (26) makes the observation that “no 
one has the market for ‘morality’ or ‘ethical right- 
ness’” and that a structured approach to facing 
clinical ethical dilemmas is needed. We agree. We 
have attempted to provide such a structured ap- 
proach based on an understanding of the principle of 
autonomy that may lead to decisions that will accom- 
plish the patient’s good. 

Doing the patient’s good in the provision of health 
care is a laudable goal. Respect for patient autonomy 
in the pursuit of that goal is a necessary condition for 
moral agency. Communication with the patient and 
the free exchange of information to aid in the deci- 
sion-making process will help the anesthesiologist 
provide not only high-quality medical care, but 
highly moral medical care as well. 
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An Updated Cross-Referenced Filing System 


for Anesthesiologists 
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Department of Anesthesiology and Critical Care Medicine, Memorial Sloan-Kettering Cancer Center, 


New York, New York 


A filing system that provides a medical-information 
retrieval system is useful for medical students, 
physicians-in-training, and practicing physicians. 
The present system is an expansion and update of the 
one proposed by Petty and Carden in 1973. This filing 
system for anesthesiologists contains a simple nu- 
merical index of the major categories in the anes- 
thetic, medical, and surgical literatures. The organ 
system and the anesthetic considerations are com- 


Information retrieval is critical to a physician’s con- 
tinuing education. A valid process facilitates a physi- 
cian’s ability to keep abreast of research in science 
basic to medicine and clinical specialty areas. The 
need to have such an organized information search 
process has been proposed to start in medical school 
(1). Northup et al. (2) surveyed 293 medical students, 
residents, and physicians concerning their daily in- 
formation needs and the resources used to address 
those needs and reported that physicians consult 
their colleagues as well as journal articles that are 
frequently located in a personal reprint file. By con- 
trast, medical students, who have limited, poorly 
organized reprint files and few established physician 
contacts, use proportionally more books. To serve 
as effective consultants, anesthesiologists should 
maintain a current, personal library. The need for a 
well-organized collection of references is obvious. 
Frequently, however, physicians may become over- 
whelmed by the tediousness and effort involved in 
deciding where to place a reprint, or by inability to 
find a reference when it is needed. The sheer physical 
volume of accumulated reprints waiting for a suitable 
weekend afternoon to be sorted out may presage the 
beginning of the end for an effective personal filing 
system. 
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bined. A cross-reference index is provided as well. 
This system allows the user to cross-file reprints, 
locate ones that have been loaned, and keep track of 
references that may be found in personal bound 
volumes. The files may be expanded over the years to 
any desired degree. Finally, this system may be of 
use either to the individual anesthesiologist or to a 
department's library. 

(Anesth Analg 1992;74:906-28) 


Although there are several computerized filing 
systems commercially available, costs include hard- 
ware, software, and yearly subscription dues, all of 
which may add up to several thousand dollars. 
Further, there is a significant time cost to either file or 
manually enter data into a computer, and reprints 
must still be kept in filing cabinets. Both cost and time 
constraints of computer-based systems may be seri- 
ous disadvantages to the anesthesiologist or anesthe- 
siology resident intent on setting up a personal filing 
system. 

The present filing system was developed after that 
proposed by Petty and Carden in 1973 (3). I found the 
system inexpensive and valuable during training, but ` 
there were several shortcomings. The Petty and Car- 
den (3) system was compiled nearly 20 yr ago and 
needed extensive updating in both anesthetic and 
general medical literature categories. Further, anes- 
thetic techniques were quite simplified and were 
separated from pertinent organ systems. For exam- 
ple, the section on thoracic-cardiovascular surgery 
included four subdivisions (open heart, thoracotomy, 
carotid surgery, tracheoesophageal fistula); this 
was separate from the cardiovascular or respiratory 
systems. Last, the Petty-Carden system utilized a 
potentially confusing combination of numbers and 
letters which could get disorganized when a particu- 
lar category was expanded into several future subdi- 
visions (e.g., 701-a-1-a-1). Another reference system - 
proposed by Greene (4) has been used to identify ` 
subject headings under a key word system. Although. 
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_ this system appears suitable for anesthesia journals, 
when attempting to create a personal filing system 
the one proposed by Greene (4) has limitations. It 
lacks an organ system approach, which allows the 
anesthesiologist to file reprints in the same fashion 
that medicine is taught. The absence of a simple 
numerical system (4) limits the ability of the user to 
organize and expand the system in the future. 

The present system was designed with the goal of 
fulfilling the requirements of a filing system, namely: 
(a) ease of filing and retrieval of articles with a valid 
cross-referencé index; (b) affordability; (c) not overly 
time consuming; (d) other individuals able to use the 
system; (e) capacity for future expansion without 
need for modification. Equipment need only include 
a filing cabinet or cardboard box, manila folders, and 
prominent topographic dividers. The system is based 
on tables of contents of standard anesthesia, medical, 
and surgical textbooks. The numerical coding method 
used here was adapted from that proposed by Singer 
(5). Each organ system category contains the sub- 
headings of anatomy, physiology, physical diagno- 
sis, diagnostic and therapeutic procedures, diseases, 
and anesthetic considerations. 

The system works as follows: each major organ 
system or category is assigned a two-digit code. For 
example, cardiac anesthesia is 08, and thoracic anes- 
thesia is 10. Two-digit numbers are used throughout 
to allow for as many as 99 divisions at each level. 
Major subdivisions are then assigned a second two- 
digit number, or third, or as many as needed. For 
example: 


08 Cardiac anesthesia 
08.04 Diagnostic and therapeutic procedures 
08.04.04 Electrocardiography 


08.04.04.01 Stress 
08.04.04.02 Ambulatory (Holter) 


In general, subdivisions should be formed if there are 
more than 50 articles in any folder. The problem of 
cross-filing can easily be solved. An article may 
contain valuable information on several subjects or 
on several aspects of one subject. If these are suffi- 
ciently important, one may file them as a cross- 
reference: simply write on a page or index card the 
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author, title, and where the main article is filed. This 
cross-reference is then filed in its desired section and 
the main article may be found whether one searches 
under its main subject or under the subsidiary one. 

As suggested by Bartlett (6), the better your sys- 
tem, the more you will be asked for loans. When this 
is done, a note is dropped in the file with the name of 
the borrower, the date, and the reference to the 
article in case it is not returned. A borrower's list may 
also become necessary. 

In summary, this system has many advantages as 
compared with other systems, computerized or not. 
First, the needed articles are quickly accessible. If one 
saves or binds journals, there is no need to remember 
in which year a particular article appeared; a quick 
search of that topic should include that reference. 
Second, the system’s grouping of anesthetic consid- 
erations with that particular organ system eliminates 
the need for duplicating information, thus providing 
a complete and logical file on that topic. Third, the 
ability to expand the filing system as one’s scope and 
interests increase can be accomplished easily and ina 
timely fashion, provided this is done periodically. 
Fourth, if a computer-based filing system is desired at 
a later date, this reference system can be easily 
computerized. 


The author is greatly indebted to Mildred A. Pleasant for preparing 


this manuscript and to Dr. Robert F. Bedford for his editorial 
assistance. 
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SUBJECT LISTING 


01 PATIENT EVALUATION 
preoperative 


01.01 


01.01.01 
01.01.02 
01.01.03 
01.01.04 


visit 

evaluation 
premedication 
risk assessment 


postoperative 


01.02.01 
01.02.02 
01.02.03 


visit 
evaluation 
complications 


02 PHARMACOLOGY 
pharmacokinetics 


02.01 


02.09 


02.11 


02.01.01 
02.01.02 
02.01.03 


absorption 
distribution 
elimination 


pharmacodynamics 


02.02.01 
02.02.02 


mechanism of action 
concentration and effect 


principles of therapeutics 
drug interactions 
drug abuse and addiction 


toxicology 


drug allergy 
autonomic nervous system 


02.08.01 


sympathetic nervous system 
parasympathetic nervous system 
cholinergic agonists 
anticholinesterase agents | 
antimuscarinic drugs 
sympathomimetic amines 
alpha-adrenergic blockers 
beta-adrenergic blockers 

ganglionic agonists and antagonists 


central nervous system (CNS) 


02.09.01 


neurohumoral transmission and the CNS 
hypnotics and sedatives 

anticonvulsants 

antiparkinsonian drugs 

CNS stimulants—methylxanthines 
aliphatic alcohols 

drug therapy in psychiatry 


neuromuscular blocking agents 


02.10.01 


02.10.02 


depolarizing 

02.10.01.01 succinylcholine 
nondepolarizing 
02.10.02.01 atracurium 
02.10.02.02 curare 
02.10.02.03 doxacurium 
02.10.02.04 gallamine 
02.10.02.05 metocurine 
02.10.02.06 mivacurium 
02.10.02.07 pancuronium 
02.10.02.08 pipecuronium 
02.10.02.09 vecuronium 


02.10.03 reversal of neuromuscular blockade 
cardiovascular drugs 


02.11.01 
02.11.02 
02.11.03 
02.11.04 


inotropes 

antiarrhythmic agents 
antihypertensive agents 
calcium channel antagonists 


02.13 


02.20 


02.21 


02.22 


02.11.05 
02.11.06 
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vasopressors 
nitrates 


02.11.07 treatment for hyperlipoproteinemias 


water, salts, and ions 


02.12.01 
02.12.02 


agents affecting volume & osmolality 
ions ° 

02.12.02.01 calcium 

02.12.02.02 potassium 

02.12.02.03 sodium 

02.12.02.04 magnesium 


renal and electrolyte metabolism 


02.13.01 
02.13.02 
02.13.03 


diuretics 
ADH (antidiuretic hormone) 
tubular transport inhibitors 


inflammation therapy 


02.14.01 


02.14.02 
02.14.03 


autacoids 


02.15.01 


02.15.02 
02.15.03 


analgesic antipyretics 
02.14.01.01 ketorolac 
antiinflammatory 
gout therapy 


histamine 

02.15.01.01 serotonin 

02.15.01.02 antihistamines 
polypeptides: angiotensin, kinins 
eicosanoids 

02.15.03.01 prostaglandins 
02.15.03.02 thromboxane 
02.15.03.03 prostacyclin 
02.15.03.04 leukotrienes 


uterine motility 


02.16.01 
02.16.02 


oxytocin, prostaglandins, ergots 
tocolytic agents 


gastrointestinal 


02.17.01 
02.17.02 


antacids 
laxatives 


infectious disease 


02.18.01 
02.18.02 


antiparasitic 
antimicrobial 
02.18.02.01 antibiotics 
02.18.02.02 antifungal 
02.18.02.03 antiviral 


hematological 


02.19.01 


02.19.05 


anticoagulants 

antithrombotic 

thrombolytic 

heparin reversal 

02.19.04.01 protamine 

02.19.04.02 hexadimethrine 

treatment of hypochromic & 
megaloblastic anemias 


neoplastic chemotherapy 


02.20.01 
02.20.02 
vitamins 
02.21.01 
02.21.02 


endocrine 


02.22.01 
02.22.02 
02.22.03 
02.22.04 


antiproliferative 
immunosuppressants 


water soluble 
fat soluble 


adrenocorticoids 

androgens 
adenohypophyseal hormones 
estrogens and progestins 
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02.22.05 thyroid and antithyroid agents 
02.22.06 insulin 
02.22.07 glucagon 
02.22.08 calcium-homeostasis 
02.23 antiseptics and disinfectants 
INHALATION ANESTHESIA 
03.01 mechanism of action 
03.02 uptake and distribution 
03.03  biotransformation 
03.04 MAC (minimal alveolar concentration) 
03.05 complications and toxicity 
03.06 agents 
03.06.01 cyclopropane 
03.06.02 desflurane 
03.06.03  enflurane 
03.06.04 ether 
03.06.05 fluroxene 
03.06.06 halothane 
03.06.07 isoflurane 
03.06.08 methoxyflurane 
03.06.09 nitrous oxide 
03.06.10 sevoflurane 


04 INTRAVENOUS ANESTHESIA 


04.01 barbiturates 
04.02 opioids 
04.02.01 addiction 
04.02.02 agonists/antagonists 
04.02.03 alfentanil 
04.02.04 antagonists 
04.02.05 fentanyl 
04.02.06 heroin 
04.02.07 meperidine 
04.02.08 methadone 
04.02.09 morphine 
04.02.10 sufentanil 
04.03 neuroleptanalgesia 
04.04 balanced anesthesia 
04.05 ketamine 
04.06 lidocaine 
04.07 butyrophenones 
04.08 benzodiazepines 
04.08.01 diazepam 
04.08.02 lorazepam 
04.08.03 midazolam 
04.08.04  flurazepam 
04.09 etomidate 
04.10 propofol 
REGIONAL ANESTHESIA 
05.01 local anesthetics 
05.01.01 chemistry 
05.01.02 mechanism of action 
05.01.03 local anesthetic agents 
05.01.03.01 bupivacaine 
05.01.03.02 chloroprocaine 
05.01.03.03 cocaine 
' 05.01.03.04 etidocaine 
05.01.03.05 lidocaine 
05.01.03.06 mepivacaine 
05.01.03.07 prilocaine 
05.01.03.08 tetracaine 
05.01.04 toxicity 
05.01.05 allergy 
05.02 nerve blocks 


05.09 
05.10 
05.11 
05.12 


PAIN THERAPY 


06.01 
06.02 
06.03 


06.04 


06.05 
06.06 
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05.02.01 
05.02.02 


general considerations and kinetics 

nerve blocks of the head and neck 

05.02.02.01 cervical plexus 

05.02.02.02 ophthalmology 

05.02.02.03 ENT (otolaryngology) 

05.02.02.04 dental 

05.02.02.05 suprascapular nerve 

nerve blocks of the upper extremity 

05.02.03.01 brachial plexus (axillary, 
interscalene) 

05.02.03.02 elbow 

05.02.03.03 wrist 

intercostal nerve block 

nerve blocks of the lower extremity 

05.02.05.01 femoral/sciatic 

05.02.05.02 psoas compartment 

05.02.05.03 knee joint 

05.02.05.04 ankle 


spinal anesthesia 


05.03.01 
05.03.02 
05.03.03 


anatomy 

physiology 

complications 

05.03.03.01 PDPH (postdural puncture 
headache) 


epidural anesthesia 


05.04.01 
05.04.02 
05.04.03 


anatomy 


physiology 
complications 


caudal anesthesia 


05.05.01 
05.05.02 
05.05.03 


anatomy 


physiology 


complications 


paracervical block 
pudendal block . 
blocks of the sympathetic nervous system 


05.08.01 
05.08.02 
05.08.03 


stellate ganglion 
celiac plexus 
lumbar sympathetic 


intravenous regional anesthesia 
topical anesthesia 

complications of regional nerve blocks 
legal considerations 


history 


pain pathways and mechanisms 
pain clinics 


06.03.01 
06.03.02 
06.03.03 


structure 
function 
pain service 


common pain syndromes 


06.04.01 
06.04.02 
06.04.03 
06.04.04 
06.04.05 
06.04.06 
06.04.07 
06.04.08 


reflex sympathetic dystrophy 
causalgia 

cancer pain 

low back pain 

cervical pain 

postherpetic neuralgia 
phantom-limb pain 
myofascial pain 


postoperative pain 
therapeutic modalities 


06.06.01 


psychological techniques 


06.06.02 TENS 
06.06.03 cryoanalgesia 
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08.06.03.02 arterial pressure 
08.06.03.03 central venous pressure 
08.06.03.04 pulmonary artery catheters 


10.01 
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06.06.04 analgesics 08.06.03.05 cardiac output 
06.06.05 regional anesthetic techniques 08.06.03.06 transesophageal 
06.06.06 intrathecal and epidural opioids echocardiography 
06.06.07 surgical role in pain relief 08.06.04 cardiac surgery 
06.06.08 PCA (patient-controlled analgesia) 08.06.04.01 preoperative evaluation 
06.07 legal considerations 08.06.04.02 intraoperative considerations 
07 SPECIAL ANESTHETIC TECHNIQUES | 08.06.04.03 anesthetic techniques 
07.01 hypnosis 08.06.04.04 postoperative complications 
07.02 electronarcosis 08.06.05 extracorporeal circulation 
07.03 acupuncture 08.06.05.01 history 
07.04 Liverpool technique 08.06.05.02 equipment 
07.05 rectal anesthesia 08.06.05.03 indications/contraindications 
07.06 nonrebreathing 08.06.05.04 complications 
07.07 semiclosed circle 08.06.05.05 myocardial preservation 
08 CARDIAC ANESTHESIA 08.06.05.06 hemostasis 
08.01 anatomy 08.06.05.07 ECMO 
08.02 physiology 08.06.06 heart and lung transplantation 
08.02.01 conduction system 08.06.07 thoracic aortic aneurysms 
08.02.02 cardiovascular regulatory mechanisms 08.06.08 cardiac trauma 
08.02.03 myocardial contractility 09 VASCULAR ANESTHESIA 
08.02.04 ventricular function 09.01 anatomy 
08.02.05 coronary circulation 09.02 physiology 
08.02.06 cardiac metabolism 09.02.01 venous circulation 
08.03 physical diagnosis 09.02.02 arterial and arteriolar circulation 
08.04 diagnostic and therapeutic procedures 09.02.02.01 blood pressure 
08.04.01 laboratory tests 09.02.03 capillary circulation 
08.04.02 radiology and nuclear medicine 09.02.04 biophysical considerations 
08.04.03 echocardiography 09.02.05 lymphatics 
08.04.04  electrocardiography 09.02.06 microcirculation 
08.04.04.01 stress 09.03 physical diagnosis 
08.04.04.02 ambulatory (Holter) 09.04 diagnostic and therapeutic procedures 
08.04.05 angioplasty, coronary 09.04.01 laboratory tests 
08.04.06 cardioversion 09.04.02 radiology and nuclear medicine 
08.04.07 pacemakers 09.04.03 plethysmography 
08.04.08 pericardiocentesis 09.05 diseases 
08.05 diseases 09.05.01 atherosclerosis 
08.05.01 coronary artery disease 09.05.02 peripheral vascular disease 
08.05.01.01 risk factors and epidemiology 09.05.03 diseases of peripheral veins 
08.05.01.02 angina pectoris 09.05.04 hypertension 
08.05.01.03 acute myocardial infarction 09.05.04.01 classification 
08.05.01.04 cardiac rehabilitation 09.05.04.02 pathophysiology 
08.05.01.05 therapy 09.05.04.03 therapy 
08.05.02 valvular heart disease 09.05.05 carotid disease 
08.05.03 congenital heart disease 09.05.06 aortic disease 
08.05.04 dysrhythmias 09.05.07 vascular aneurysms 
08.05.05 heart failure 09.05.08 orthostatic hypotension 
08.05.05.01 pathophysiology 09.05.09 congenital deformities 
08.05.05.02 therapy 09.05.10 neoplasms 
08.05.06 cardiomyopathies 09.05.11 infections 
08.05.07 endocardial disease 09.05.12 collagen vascular diseases 
08.05.08 pericardial disease 09.06 anesthetic considerations 
08.05.09 myocardial disease 09.06.01 cardiac risk in vascular patients 
08.05.10 neoplasms 09.06.02 peripheral vascular surgery 
08.05.11 infections 09.06.03 carotid surgery 
08.06 anesthetic considerations 09.06.04 aortic surgery 
08.06.01 effects of anesthesia on cardiac function 09.06.05 catheterization of veins and arteries 
08.06.02 noncardiac surgery in the patient with 09.06.05.01 indications 
cardiac disease 09.06.05.02 complications 
08.06.03 monitoring 09.06.06 angioplasty, vascular 
08.06.03.01 electrocardiography 09.06.07 postoperative care 


10 THORACIC ANESTHESIA 
anatomy 
10.02 respiratory physiology 
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10.03 
10.04 


10.05 


10.06 


10.02.01 
10.02.02 
10.02.03 
10.02.04 


10.02.05 


10.02.06 
10.02.07 
10.02.08 
10.02.09 


control of respiration 

respiratory mechanics 

pulmonary function tests 

blood flow and gas exchange 
10.02.04.01 pulmonary circulation 
10.02.04.02 V/Q relationships 
special physiology 

10.02.05.01 high altitude 
10.02.05.02 deep water 
10.02.05.03 hyperbaric 
nonrespiratory functions of lungs 
chest wall mechanics 

high altitude 

deep water 


physical diagnosis 
diagnostic and therapeutic procedures 


10.04.01 
10.04.02 
10.04.03 
10.04.04 
10.04.05 
10.04.06 
diseases 
10.05.01 
10.05.02 
10.05.03 
10.05.04 
10.05.05 
10.05.06 
10.05.07 
10.05.08 
10.05.09 
10.05.10 
10.05.11 
10.05.12 
10.05.13 
10.05.14 
10.05.15 


10.05.16 
10.05.17 
10.05.18 
10.05.19 


10.05.20 
10.05.21 
10.05.22 
10.05.23 
10.05.24 
10.05.25 
10.05.26 
10.05.27 
10.05.28 


+ 


laboratory tests 

radiology and nuclear medicine 
chest tubes 

pleural tap 

lung biopsy 

bronchoscopy 


COPD 

asthma 
bronchiectasis 

cystic fibrosis 
drowning 
pulmonary emboli 
pulmonary infarction 
kyphoscoliosis 
tuberculosis 
atelectasis 


pulmonary edema (noncardiogenic) 


pneumothorax 

bronchospasm 

apnea 

pulmonary hypertension and cor 
pulmonale 

smoking 

smoke inhalation 

interstitial lung disease 

infectious lung disease 

10.05.19.01 upper respiratory tract 

10.05.19.02 lower respiratory tract 

neoplasms 

diseases of the pleura 

diseases of the mediastinum 

diseases of the diaphragm 

acute respiratory failure 

chronic respiratory failure 

ARDS 

congenital lung disease 

trauma 


anesthetic considerations 


10.06.01 
10.06.02 


10.06.03 


anesthesia and respiratory function 


bronchoscopy, mediastinoscopy, 
thoracoscopy 

one-lung anesthesia 

10.06.03.01 indications 

10.06.03.02 contraindications 

10.06.03.03 techniques 

10.06.03.04 complications 
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10.06.04 
10.06.05 
10.06.06 
10.06.07 
10.06.08 
10.06.09 


tracheal resection 

massive pulmonary hemorrhage 
bronchopulmonary lavage 

superior vena cava eyncroure 

thoracic trauma 

postoperative pulmonary i a 


11 NEUROSURGICAL ANESTHESIA 


11.01 


11.02 


11.03 
11.04 


anatomy 


11.01.01 
11.01.02 
11.01.03 


central nervous system (CNS) 
peripheral nervous system (PNS) 
autonomic nervous system (ANS) 


physiology 


11.02.01 
11.02.02 
11.02.03 
11.02.04 
11.02.05 
11.02.06 
11.02.07 
11.02.08 
11.02.09 
11.02.10 


cerebral circulation and metabolism 
cerebrospinal fluid ` 

intracranial pressure (ICP) 
electroencephalography (EEG) 
sleep 
nerve physiology 
reflexes 
sensation (cutaneous, deep, and visceral) 
central regulation of visceral function 
control of posture and movement 


physical diagnosis 
diagnosis and therapeutic procedures 


11.04.01 
11.04.02 
11.04.03 
11.04.04 
diseases 
11.05.01 
11.05.02 
11.05.03 
11.05.04 
11.05.05 
11.05.06 
11.05.07 
11.05.08 
11.05.09 
11.05.10 
11.05.11 
11.05.12 
11.05.13 
11.05.14 
11.05.15 
11.05.16 


Spinal tap 
ventriculostomy 
stereotactic biopsy 
neuroradiology 


cerebral edema 
hydrocephalus 

coma 

seizure disorders 
cerebrovascular disease 
infectious disease 
tumors 

metabolic derangements 
genetic diseases 
neurological injury 
spinal cord diseases 
demyelinating diseases 
neuropathies 

cerebral palsy 
autonomic derangements 
headaches 


anesthetic considerations 


11.06.01 
11.06.02 
11.06.03 
11.06.04 
11.06.05 
11.06.06 
11.06.07 
11.06.08 
11.06.09 
11.06.10 
11.06.11 
11.06.12 
11.06.13 
11.06.14 


posterior cranial fossa surgery 
cerebrovascular surgery 

venous air embolism and sitting position 
hypophysectomy 

spinal cord surgery 

peripheral nerve surgery 

deliberate hypotension 


` cerebral protection 


surgery for seizures 

head trauma 

intensive care in neurosurgery 
chronic supportive care 

brain death 

electroconvulsive therapy (ECT) 


12 OBSTETRICS AND ANESTHESIA 


12.01 


anatomy 


12.02 physiology 
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12.03 
12.04 


12.05 


12.02.01 


12.02.02 


maternal alterations 
12.02.01.01 respiratory 
12.02.01.02 circulatory 
uteroplacental circulation 


physical diagnosis 
diagnostic and therapeutic procedures 


12.04.01 
12.04.02 
12.04.03 


laboratory 
amniocentesis 
radiology 


anesthetic considerations 


12.05.01 
12.05.02 
12.05.03 
12.05.04 
12.05.05 


12.05.06 


12.05.07 
12.05.08 


12.05.09 


12.05.10 
12.05.11 


12.05.12 


monitoring in obstetrics 

obstetric pharmacology 

anesthetics and uterine blood flow 

anesthetics and uterine activity 

vaginal delivery 

12.05.05.01 natural childbirth 14 

12.05.05.02 systemic medication for labor 

12.05.05.03 local and regional anesthesia 

12.05.05.04 general anesthesia 

cesarean section 

12.05.06.01 regional anesthesia 

12.05.06.02 general anesthesia 

spinal and epidural opioids 

complicated obstetrics 

12.05.08.01 preterm labor 

12.05.08.02 preeclampsia/eclampsia 

12.05.08.03 abnormal presentations and 
multiple births 

12.05.08.04 peripartal hemorrhage 

12.05.08.05 amniotic fluid embolism 

12.05.08.06 meconium staining 

the parturient with coexisting disease 

12.05.09.01 asthma 

12.05.09.02 cardiac disease 

12.05.09.03 bleeding disorders 

12.05.09.04 diabetes 

12.05.09.05 morbid obesity 

12.05.09.06 immune disorders 

12.05.09.07 neuromuscular disorders 

12.05.09.08 neurosurgical disorders 

12.05.09.09 nonobstetric surgical diseases 

postpartum sterilization surgery 

morbidity and mortality in obstetric 
anesthesia 

12.05.11.01 overview 

12.05.11.02 regional anesthesia 

12.05.11.03 general anesthesia 

12.05.11.04 legal implications 

fetus and newborn 

12.05.12.01 fetal development and 
physiology 

12.05.12.02 perinatal pharmacology 

12.05.12.03 evaluation of the fetus 

12.05.12.04 diagnosis and treatment of 
fetal asphyxia 

12.05.12.05 diseases of the fetus 

12.05.12.06 anesthesia for fetal surgery 

12.05.12.07 newborn resuscitation in the 
delivery room 

12.05.12.08 meconium aspiration 


13 GYNECOLOGY AND ANESTHESIA 


13.01 


anatomy 


13.02 physiology/endocrinology 


13.03 
13.04 
13.05 


13.06 
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physical diagnosis 
diagnostic and therapeutic procedures 


diseases 


13.05.01 
13.05.02 
13.05.03 
13.05.04 


uterus 

ovaries and fallopian tubes 
vagina 

infertility 


anesthetic considerations 


13.06.01 
13.06.02 
13.06.03 
13.06.04 
13.06.05 
13.06.06 
13.06.07 


dilatation and curettage 
laparoscopy 

hysterectomy 

GYN-oncology 

tubal ligation 

contraception and anesthesia 
anesthesia for infertility surgery 


ANESTHESIA FOR UROGENITAL SURGERY 
urinary tract 


14.01 


14.02 


14.03 


14.01.01 
14.01.02 


14.01.03 
14.01.04 


14.01.05 


anatomy 

physiology 

14.01.02.01 fluid and electrolytes 

14.01.02.02 acid base 

14.01.02.03 renal circulation 

14.01.02.04 glomerular filtration 

14.01.02.05 renin-angiotensin 

14.01.02.06 aldosterone 

physical diagnosis 

diagnostic and therapeutic procedures 

14.01.04.01 laboratory tests 

14.01.04.02 radiology 

14.01.04.03 nuclear medicine 

14.01.04.04 kidney biopsy 

diseases 

14.01.05.01 acute renal failure 

14.01.05.02 chronic renal failure 

14.01.05.03 glomerular diseases 

14.01.05.04 infections 

14.01.05.05 obstructive uropathy 

14.01.05.06 tumors of the urinary tract 

14.01.05.07 prostatic tumors 

14.01.05.08 hereditary malformations 

14.01.05.09 renal manifestations of 
systemic disease 

14.01.05.10 trauma 

14.01.05.11 kidney stones 


genitalia—male 


14.02.01 
14.02.02 
14.02.03 
14.02.04 
14.02.05 


anatomy 

physiology 

physical diagnosis 

diagnostic and therapeutic procedures 
diseases 

14.02.05.01 infertility 

14.02.05.02 hereditary malformations 
14.02.05.03 infections 

14.02.05.04 tumors 


anesthetic considerations 


14.03.01 
14.03.02 
14.03.03 
14.03.04 
14.03.05 
14.03.06 
14.03.07 
14.03.08 


modification in renal insufficiency 
renal effects of anesthesia 

general anesthesia 

regional anesthesia 

TURP (transurethral prostatectomy) 
cystoscopy 

kidney transplantation 

lithotripsy 
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14.03.09 


bladder surgery 


15 GASTROENTEROLOGY AND ANESTHESIA 


15.01 
15.02 


15.03 
15.04 


15.05 


15.06 


anatomy 


physiology 


15.02.01 
15.02.02 
15.02.03 
15.02.04 
15.02.05 
15.02.06 


salivation 

esophagogastric motility 
gastrointestinal hormones 
regulation of gastric secretion 
exocrine pancreas 

liver 

15.02.06.01 hepatic circulation 
15.02.06.02 hematologic function 
15.02.06.03 humoral function 
15.02.06.04 metabolic function 
biliary system 

smali and large intestines 
peritoneum 


physical diagnosis 
diagnostic and therapeutic procedures 


15.04.01 
15.04.02 
15.04.03 
15.04.04 
15.04.05 
15.04.06 
diseases 
15.05.01 
15.05.02 
15.05.03 
15.05.04 
15.05.05 
15.05.06 
15.05.07 
15.05.08 


15.05.09 
15.05.10 


15.05.11 
15.05.12 


laboratory tests 

radiology and nuclear medicine 
endoscopy 

peritoneal lavage 

ERCP 

liver biopsy 


disorders of motility 

peptic ulcer 

GI bleeding 

malabsorption 

diseases of the pancreas 

inflammatory disease of the intestine 

vascular diseases of the intestine 

diseases of the peritoneum, mesentery, 
and omentum 

neoplastic diseases of the gastrointestinal 
tract 

diseases of the gallbladder and bile ducts 

diseases of the liver 

diseases of the esophagus 


anesthetic considerations 


15.06.01 
15.06.02 
15.06.03 
15.06.04 
15.06.05 
15.06.06 
15.06.07 


15.06.08 
15.06.09 


full stomach/preoperative NPO 

small bowel obstruction 

portal hypertension 

hepatic surgery 

liver transplantation 

surgery of the gallbladder and bile ducts 
hepatic effects of anesthetics 

15.06.07.01 halothane hepatitis 
abdominal trauma 

major abdominal surgery 


16 ENDOCRINE AND ANESTHESIA 
16.01 anatomy 
16.02 physiology 


16.02.01 
16.02.02 
16.02.03 
16.02.04 
16.02.05 
16.02.06 
16.02.07 
16.02.08 


pineal 

thyroid 
adrenal 
gonads 
parathyroid 
pituitary 
pancreas 
hypothalamus 


16.03 physical diagnosis 


16.04 


16.05 


16.06 
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diagnostic and therapeutic procedures 


16.04.01 
16.04.02 
16.04.03 
diseases 
16.05.01 
16.05.02 
16.05.03 
16.05.04 
16.05.05 
16.05.06 
16.05.07 
16.05.08 
16.05.09 


laboratory tests 
radiology and nuclear medicine 
biopsy 


pineal 

thyroid 

adrenal 

gonads 

parathyroid 

pituitary 

pancreas 

hypothalamus 

multiple endocrine adenomatosis 


anesthestic considerations 


16.06.01 


stress response to surgery 
16.06.01.01 regional anesthesia 
16.06.01.02 general anesthesia 
adrenal cortex malfunction 
pheochromocytoma surgery 
carcinoid surgery 

thyroid surgery 

parathyroid surgery 

pituitary surgery 

diabetes mellitus 


17 HEMATOLOGY AND ANESTHESIA 


17.01 
17.02 


17.03 
17.04 


17.05 


17.06 


anatomy 


physiology 


17.02.01 
17.02.02 
17.02.03 
17.02.04 


cellular components—hematopoiesis 
bone marrow 

blood volume 

hemoglobin 


physical diagnosis 
diagnostic and therapeutic procedures 


17.04.01 
17.04.02 
diseases 
17.05.01 
17.05.02 
17.05.03 
17.05.04 
17.05.05 
17.05.06 


17.05.07 
17.05.08 
17.05.09 


laboratory tests 
marrow biopsy 


anemias 
hemolytic disorders 
polycythemia 
diseases of white blood cells 
lymphoreticular neoplasms 
hemorrhagic disorders 
17.05.06.01 primary hemostasis disorders 
17.05.06.02 coagulation defects 
eosinophilic syndromes 
plasma cell dyscrasias 
diseases of the spleen and 
reticuloendothelial system 


anesthetic considerations 


17.06.01 
17.06.02 


17.06.03 
17.06.04 


17.06.05 


blood banking and component therapy 

transfusions 

17.06.02.01 reactions and complications 

17.06.02.02 autotransfusions 

17.06.02.03 Jehovah's Witness 

17.06.02.04 plasma expanders 

preoperative requirements 

anesthesia for bone marrow 
transplantation 

hematologic effects of anesthesia 


18 ONCOLOGY AND ANESTHESIA 
principles of neoplasia 
18.02 tumor markers 


18.01 
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20 


SPECIAL ARTICLE AMAR 
FILING SYSTEM FOR ANESTHESIOLOGISTS 


18.03 
18.04 
18.05 


18.06 
18.07 
18.08 


19.01 
19.02 


19.03 
19.04 
19.05 


19.06 


cancer and its medical manifestations 
endocrine syndromes associated with cancer 
cancer therapy 


18.05.01 
18.05.02 
18.05.03 
18.05.04 


irradiation 

cytotoxic therapy 
immunostimulatory procedures 
supportive care 


infection and the cancer patient 
psychosocial aspects of cancer therapy 
medicolegal issues 

ANESTHESIA FOR OPHTHALMOLOGY 


anatomy 


physiology 


19.02.01 
19.02.02 
19.02.03 


vision 
intraocular pressure 
oculocardiac reflex 


physical diagnosis 
diagnostic and therapeutic procedures 


diseases 
19.05.01 
19.05.02 
19.05.03 
19.05.04 
19.05.05 
19.05.06 
19.05.07 


muscles 

soft tissue 

glaucoma 

cornea and lens 

retina 

trauma 

ocular manifestation of systemic disease 


anesthetic considerations 


19.06.01 
19.06.02 
19.06.03 
19.06.04 
19.06.05 
19.06.06 
19.06.07 
19.06.08 
19.06.09 


topical, infiltration and nerve blocks 
general anesthesia 

surgery on the retina and vitreous body 
glaucoma surgery 

cataract extraction 

laser therapy 

strabismus 

tumors 

open eye 


ANESTHESIA FOR OTOLARYNGOLOGY AND 
MAXILLOFACIAL SURGERY 


20.01 
20.02 
20.03 
20.04 
20.05 


20.06 


20.07 


anatomy 
physiology 


physical diagnosis 
diagnostic and therapeutic procedures 


diseases 
20.05.01 
20.05.02 
20.05.03 
20.05.04 
20.05.05 


ear 
nose, paranasal sinuses 
throat 
larynx 
maxillofacial structures 


anesthetic considerations 


20.06.01 
20.06.02 
20.06.03 
20.06.04 
20.06.05 
20.06.06 
20.06.07 
20.06.08 
20.06.09 
20.06.10 
20.06.11 


general anesthesia for ENT surgery 
regional anesthesia for ENT surgery 
epinephrine and ENT anesthesia 
surgery on the nose, sinuses, and mouth 
tonsillectomy and adenoidectomy 
mastoidectomy and tympanoplasty 
laryngoscopy and bronchoscopy 
laser therapy 

tracheostomy 

tumors of the pharnyx and larnyx 
radical neck surgery 


oral and maxillofacial surgery 


20.07.01 
20.07.02 


general considerations 
general anesthesia 


20.07.03 
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regional anesthesia 


21 ANESTHESIA FOR ORTHOPEDIC SURGERY AND THE 
MUSCULOSKELETAL SYSTEM 


21.01 


21.02 


21.03 
21.04 


21.05 


21.06 


anatomy 


21.01.01 


bone/joint/muscle 


physiology 


21.02.01 
21.02.02 


bone/joint/muscle 
neuromuscular transmission 
21.02.02.01 physiology 
21.02.02.02 monitoring 


physical diagnosis 
diagnostic and therapeutic procedures 


21.04.01 
21.04.02 


joint aspiration 
muscle biopsy 


diseases (bone/joint/muscle) 


21.05.01 


21.05.02 
21.05.03 
21.05.04 
21.05.05 
21.05.06 
21.05.07 


21.05.08 
21.05.09 
21.05.10 
21.05.11 
21.05.12 
21.05.13 
21.05.14 
21:05:15 


fractures and injuries 
21.05.01.01 dislocation of joints 
demineralization 

tumors 

infection, bone 

congenital deformities 
degenerative diseases 
arthritis 

21.05.07.01 rheumatoid 
21.05.07.02 degenerative 
ankylosing spondylitis 
infection, joint 

injury 

muscular dystrophy 
myasthenia gravis 

myotonias 

myasthenic syndrome 
atypical pseudocholinesterase 


anesthetic considerations 


21.06.01 


21.06.02 
21.06.03 
21.06.04 
21.06.05 
21.06.06 
21.06.07 
21.06.08 
21.06.09 


21.06.10 
21.06.11 


21.06.12 


monitoring 

21.06.01.01 SSEP (somatosensory evoked 
potentials) 

local and regional anesthesia 

general anesthesia 

correction of scoliosis 

joint replacement 

spinal surgery 

the patient with multiple injuries 

tourniquets 

the patient with neuromuscular 
disorders 

the patient with arthritis 

embolism in orthopedic surgery 

21.06.11.01 thromboembolism 

21.06.11.02 fat embolism 

physical therapy and rehabilitation 


22 GERIATRIC ANESTHESIA 
general considerations 
22.02 psychosocial aspects 


22.01 


22.03 physiology 


22.04 


22.03.01 cardiovascular 

22.03.02 respiratory 

22.03.03 brain and neuroendocrine 
22.03.04 autonomic nervous system 
22.03.05 renal 

22.03.06 hepatic 

pharmacology 

22.04.01 alterations in drug disposition 
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24 


22.05 


22.04.02 


drug interactions 


anesthetic considerations 


22.05.01 
22.05.02 
22.05.03 
22.05.04 
22.05.05 
22.05.06 


premedication in the elderly 
anesthetics and the heart 

the hypertensive elderly 
regional vs general in the elderly 
fluid management 

anesthetic risk 


ANESTHESIA FOR PLASTIC SURGERY 
23.01 general considerations 

23.02 psychosocial aspects 

23.03 anesthetic considerations 


23.03.01 
23.03.02 


23.03.03 
23.03.04 
23.03.05 


analgesia and sedation 

local and regional anesthesia 
23.03.02.01 epinephrine 
craniofacial surgery 

facial trauma 

microvascular surgery 
23.03.05.01 bone 

23.03.05.02 cartilage 
23.03.05.03 dermis, fat, fascia 
23.03.05.04 nerve 
23.03.05.05 skeletal muscle 
23.03.05.06 tendon 


PEDIATRIC ANESTHESIA 


24.01° anatomy 


24.02 


24.03 
24.04 
24.05 
24.06 
24.07 
24.08 
24.09 
24.10 
24.11 


24.12 


24.13 


physiology 


24.02.01 
24.02.02 
24.02.03 
24.02.04 
24.02.05 


cardiovascular 
respiratory 

renal 

hepatic 

central nervous system 


physical diagnosis 
pharmacology 
development and growth 
metabolism and nutrition 
temperature regulation 
well-child care 

battered child 
immunization 
monitoring 


24.11.01 
24.11.02 
24.11.03 


apnea 
transcutaneous O, 
Doppler 


diagnostic and therapeutic procedures 


24.12.01 
24.12.02 
24.12.03 
24.12.04 
24.12.05 
24.12.06 
diseases 
24.13.01 
24.13.02 
24.13.03 
24.13.04 
24.13.05 
24.13.06 
24.13.07 
24.13.08 
24.13.09 
24.13.10 
24.13.11 


spinal tap 
angiography 
pacemakers 
echocardiography 
radiology 

cardiac catheterization 


skin 

heart 

ear, nose, throat 

eye 

respiratory tract 
gastrointestinal tract 
blood 

urogenital system 

bone and joints 
neuromuscular disorders 


endocrine and metabolic disorders 


24.14 


24.15 
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24.13.12 


24.13.13 
24.13.14 
24.13.15 
24.13.16 
24.13.17 
24.13.18 


neoplastic diseases and 
reticuloendotheliosis 

infectious 

allergic 

collagen vascular 

nervous system 

psychiatric disorders 

poisons and toxins 


anesthetic considerations 


24.14.01 
24.14.02 
24.14.03 
24.14.04 
24.14.05 
24.14.06 


24.14.07 
24.14.08 
24.14.09 


24.14.10 
24.14.11 


preoperative evaluation 


. psychological preparation 


anesthesia equipment 

premedication 

regional anesthesia 

general anesthesia 

24.14.06.01 inhalation 

24.14.06.02 intravenous 

muscle relaxants 

airway 

pediatric anesthesia for 

24.14.09.01 cardiovascular surgery 

24.14.09.02 neurosurgery 

24.14.09.03 ophthalmology 

24.14.09.04 ocolaryngology and dental 
surgery 

24.14.09.05 orthopedic surgery 

24.14.09.06 thoracic surgery 

24.14.09.07 plastic surgery 

24.14.09.08 genitourinary surgery 

24.14.09.09 general surgery 

24.14.09.10 trauma 

24.14.09.11 outpatient surgery 

24.14.09.12 diagnostic and therapeutic 
procedures 

24.14.09.13 surgical emergencies 

PACU 

pediatric critical care 

24.14.11.01 intensive care 

24.14.11.02 emergency medicine 

24.14.11.03 respiratory care 


newborns and premature infants 


24.15.01 
24.15.02 
24.15.03 
24.15.04 


24.15.05 
24.15.06 
24.15.07 


anatomy and physiology 

assessment and general care 

diagnostic and therapeutic procedures 

diseases of n2wborns and premature 
infants 

neonatal intensive care 

resuscitation of the newborn 

anesthetic considerations 

24.15.07.01 preoperative evaluation 

24.15.07.02 equipment and monitoring 

24.15.07.03 regional anesthesia 

24.15.07.04 general anesthesia 

24.15.07.05 surgical emergencies 

24.15.07.06 retrolental fibroplasia 

24.15.07.07 newborns of high risk 
mothers 


25 OUTPATIENT ANESTHESIA 
general considerations 
selection criteria 
facility planning 


25.01 


marketing 


premedication 


916 


27 


SPECIAL ARTICLE AMAR 
FILING SYSTEM FOR ANESTHESIOLOGISTS 


sedation during local and regional anesthesia 
regional anesthesia 

general anesthesia 

complications 

discharge criteria 

legal considerations 


POSTANESTHESIA CARE UNIT (PACU) 


26.01 
26.02 


26.10 


general considerations 

design 

management and staffing 
equipment 

emergency diagnosis and treatment 
postoperative ventilatory disorders 
circulatory disorders in the PACU 
fluid management 

special considerations 

26.09.01 the cardiac patient 
26.09.02 the neurosurgical patient 
legal considerations 


NUTRITION AND ANESTHESIA 


27.01 


normal requirements of substrates 
energy requirements for TPN 
nutritional assessment 

substrate requirement for TPN 
rational planning for TPN 

glucose homeostasis during TPN 
diseases 

27.07.01  protein-calorie malnutrition 
27.07.02 vitamin deficiencies 
27.07.03 starvation 

27.07.04 anorexia nervosa 


anesthetic considerations 

27.08.01 general considerations 

27.08.02 preoperative starvation 

27.08.03 nutrition and infection 

27.08.04 nutrition and trauma 

27.08.05 effects of TPN on drug metabolism 
27.08.06 perioperative nutrition 

27.08.07 intraoperative management, TPN 
27.08.08 perioperative complications of TPN 


METABOLISM AND ANESTHESIA 


28.01 


28.02 
28.03 
28.04 


28.05 


physiology 

28.01.01 basa! metabolic rate 

28.01.02 cellular components 
28.01.02.01 enzymes 
28.01.02.02 mitochondria 
28.01.02.03 nucleic acids 
28.01.02.04 membranes 

28.01.03 temperature regulation 

genetic counseling 

physical diagnosis 

diagnostic and therapeutic procedures 

28.04.01 muscle biopsy 

diseases 

28.05.01 

28.05.02 


diseases of carbohydrate metabolism 

disorders of lipid metabolism 

inborn errors of amino acid metabolism 

disorders of purine and pyrimidine 
metabolism 

porphyria 

Wilson's disease 

hemochromatosis 

temperature regulation disorders 
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28.05.08.01 shivering 


28.06 anesthetic considerations 


28.06.01 


malignant hyperthermia 
obesity 

porphyria 

lipid disorders 
carbohydrate disorders 
amino acid disorders 
28.06.06.01 gout 
hemochromatosis 
hypothermia, perioperative 


29 CRITICAL CARE MEDICINE 


29.01 


29.07 
29.08 


history 


medico-legal 

design of intensive care units 
psychosocial aspects of intensive care 
monitoring in critical care 


airway 
29.06.01 
29.06.02 


29.06.03 


29.06.04 


anatomy 

physiology 

29.06.02.01 secretions 

29.06.02.02 innervation 

diseases 

29.06.03.01 congenital deformities 
29.06.03.02 trauma 

29.06.03.03 neoplasms 

anesthetic considerations 
29.06.04.01 obstruction 

29.06.04.02 laryngospasm 
29.06.04.03 laryngoscopy 
29.06.04.04 artificial airways 
29.06.04.05 intubation—orotracheal 
29.06.04.06 intubation—nasotracheal 
29.06.04.07 intubation—fiberoptic 
29.06.04.08 intubation—emergency 
29.06.04.09 cricothyroidotomy 
29.06.04.10 tracheostomy 


trauma patients 
burn patients 


29.08.01 
29.08.02 
29.08.03 
29.08.04 


evaluation 

resuscitation 

anesthetic considerations 
long-term care 


shock states 


29.09.01 
29.09.02 


pathophysiology 
therapy 


ventilatory management 
infection in critically ill patients 
advances in critical care 


29.12.01 
29.1202 


applications of computers 
blood substitutes 


emergency medicine 


29.13.01 
29.13.02 


29.13.03 


29.13.04 


history 

education 

29.13.02.01 residency 
29.13.02.02 paramedical training 
emergency room 

29.13.03.01 design 

29.13.03.02 staffing 
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10.06.05 
20.06.06 
12.02.01 
12.02.01.02 
12.02.01.01 


03.01 
05.01.02 
02.02.01 
12.05.12.08 
12.05.08.06 
10.06.02 

35 

42.03 

34 

29.02 

18.08 
28.01.02.04 
04.02.02 
05.01.03.06 
11.05.08 
15.02.06.04 
28 

24.06 
04.02.06 
03.06.04 
02.09.05 
Q2.10.02.05 
09.02.06 
23.05 
04.08.03 


. 28.01.02.02 


02.10.02.06 


08.06.03 
21.06.01 
21.02.02.02 


morbid obesity, obstetrics 
morbidity and mortality, obstetrics 
morphine 
multiple endocrine adenomastosis 
muscle biopsy 
orthopedics 
metabolism 
muscle relaxants, pediatric 
muscular dystrophy 
myasthenia gravis 
myasthenic syndrome 
myocardial contractility 
myocardial preservation i 
myofascial pain 
myotonias 
natural childbirth 
neonatal intensive care 
neoplasms 
cardiac 
thoracic 
vascular 
critical care 
chemotherapy 
pediatric 
of the gastrointestinal tract 
nephro-lithotripsy 
nerve blocks 
REGIONAL ANESTHESIA 
of the head and neck 
of the lower extremity 
of the upper extremity 
nerve physiology 
neurohumoral transmission 
neuroleptanalgesia 
neuromuscular 
blocking agents 
disorders, pediatric 
obstetrics 
transmission 
neuropathies 
neuroradiology 
neurosurgery, pediatric 
NEUROSURGICAL ANESTHESIA 
disorders, obstetrics 
patient, PACU 


newborn 
assessment 
resuscitation 
and premature infants 
of high risk mothers 
nitrates 


nitrous oxide 
noncardiac surgery in patient with cardiac disease 
nondepolarizing agents 
nonobstetric surgical diseases 
NUCLEAR MEDICINE 
urinary tract 
nucleic acids 
nurses, anesthesiologists and 
NUTRITION AND ANESTHESIA 
and infection 
and respiratory care 
and trauma 
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12.05.09.05 
12.05.11 
04.02.01 
16.05.09 


21.04.02 
28.04.01 
24.14.07 
21.05.11 
21.05.12 
21.05.14 
08.02.03 
08.06.05.05 
06.04.08 ` 
21.05.13 
12.05.05.01 
24.15.05 


08.05.10 
10.05.20 
09.05.10 
29.06.03.03 
02.20 
24.13.12 
15.05.09 
14.03.08 


05.02 

05.02.02 
05.02.05 
05.02.03 
11.02.06 
02.09.01 
04.03 


02.10 
24.13.10 
12.05.09.07 
21.02.02 
11.05.13 
11.04.04 
24.14.09.02 
11 
12.05.09.08 
26.09.02 


24.15.02 
12.05.12.07 
24.15 
24.15.07.07 
02.11.06 
03.06.08 
08.06.02 
02.10.02 
12.05.09.09 
49 
14.01.04.03 
28.01.02.03 
34.02.02 

2r 

27.08.03 
30.04.09 
27.08.04 
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assessment 
obesity 
obstetric pharmacology 
OBSTETRICS AND ANESTHESIA 
obstruction, airway 
obstructive uropathy 
ocular manifestation of systemic disease 
oculocardiac reflex 
office practice 
ONCOLOGY AND ANESTHESIA 
one-lung anesthesia 
open eye 
OPERATING ROOM 
ophthalmology 

nerve blocks for 

pediatric anesthesia for 
opioids 
oral & maxillofacial surgery 
orthopedic surgery, pediatrics 
orthostatic hypotension 
otolaryngology and dental, pediatric 
OUTPATIENT ANESTHESIA 
outpatient surgery, pediatrics 
ovaries and fallopian tubes 
oxygen 

analyzers 

therapy 
oxytocin, prostaglandins, ergots 
pacemakers 


adult 
pediatric 
PACU, pediatrics 
pain 
clinics 
pathways and mechanisms 
service 
THERAPY 
pancreas 
diseases 
physiology 
pancuronium 
paracervical block 


paramedical training 
parasympathetic nervous system (PNS) 
parathyroid í 
diseases 
physiology 
surgery 
parturient with coexisting disease 
PATHOLOGY 
pathophysiology 
heart feailure 
hypertension 
shock states 
PATIENT EVALUATION 
bronchial hygiene therapy 
patient-physician responsibilities 
PCA 


PEDIATRIC ANESTHESIA 
critical care 

PEEP 

peptic ulcer 

pericardial disease 


24.14.09.05 
09.05.08 
24.14.09.04 
25 
24.14.09.11 
13.05.02 


30.03.07 
30.03 
02.16.01 


08.04.07 
24.12.03 
24.14.12 


24.14.13 
30.04.06 
15.05.02 
08.05.08 
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pericardiocentesis 
perinatal pharmacology 
perioperative nutrition 
peripartal hemorrhage 


peripheral 


nerve surgery 
nervous system (PNS) 


vascular disease 
vascular surgery 


peritoneal lavage 


peritoneum 


personnel, operating room 
phantom-limb pain 
pharmacodynamics 
pharmacokinetics 
PHARMACOLOGY 


geriatric 
pediatric 
autonomic nervous system 


pheochromocytoma 
physical diagnosis 


orthopedics 
ophthalmology 
otolaryngology & maxillofacial surg 
cardiac 
endocrine 
gastroenterology 
genitalia—male 
gynecology 
hematology 
metabolism 
neurosurgical 
obstetrics 
pediatric 
thoracic 

urinary tract 
vascular 


physical properties 


oxygen 
arterial blood gases 
carbon dioxide 


physical therapy and rehabilitation 
PHYSICS AND ANESTHESIA 


physiology 


airway 

orthopedic surg-musculoskeletal 
system 

ophthalmology 

otolaryngology & maxillofacial surg 

carbon dioxide 

cardiac 

caudal anesthesia 

endocrine 

epidural anesthesia 

gastroenterology 

genitalia—male 

geriatric 

hematology 

metabolism 

neuromuscular transmission 

neurosurgical 

obstetrics 

pediatric 
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spinal anesthesia 
thoracic 
urinary tract 
vascular 
gynecology 
pineal 
diseases 
physiology 
pipecuronium 
pituitary 
diseases 
physiology 
surgery 
plasma cell dyscrasias 
plasma expanders 
PLASTIC SURGERY 
adult 
pediatric 
plethysmography 
pleural tap 
pneumothorax 
poisons and toxins 
polycythemia 
polypeptides: angiotensin, kinins 
porphyria 
anesthetic considerations 
diseases 
portal hypertension 
positive pressure ventilators 
POSTANESTHESIA CARE UNIT (PACU) 
postherpetic neuralgia 
posterior cranial fossa surgery 
postoperative 
evaluation 
care, vascular 
complications, cardiac surgery 
pain 
pulmonary complications 
ventilatory disorders 
postpartum sterilization surgery 
potassium 
preterm labor 
preeclampsia/eclampsia 


premedication 
outpatient anesthesia 
preoperative 
in the elderly 
preoperative 
evaluation 
newborn 
cardiac surgery 
pediatric 
requirements, hematology 
starvation 
pressure transducers 
prilocaine 
primary hemostasis disorders 
principles 
CPR 


ventilatory care 

of neoplasia 

of therapeutics 
propofol 


05.03.02 
10.02 
14.01.02 
09.02 
13.02 


16.05.01 
16.02.01 
02.10.02.08 


16.05.06 
16.02.06 
16.06.07 
17.05.08 
17.06.02.04 


23 
24.14.09.07 
09.04.03 
10.04.04 
10.05.12 
24.13.18 
17.05.03 
02.15.02 


28.06.03 
28.05.05 
15.06.03 
30.04.04 
26 

06.04.06 
11.06.01 


01.02 
09.06.07 
08.06.04.04 
06.05 
10.06.09 
26.06 
12.05.10 
02.12.02.02 
12.05.08.01 
12.05.08.02 


25.05 
01.01.03 
22.05.01 


01.01 
24.15.07.01 
08.06.04.01 
24.14.01 
17.06.03 
27.08.02 
38.14.03 
05.01.03.07 
17.05.06.01 


29.12.04.01 
30.04.02 
18.01 

02.03 

04.10 


prostacyclin 
prostaglandins 
prostatic tumors 
protamine 
protein-calorie malnutrition 
psoas compartment block 
psychiatric disorders, pediatric 
PSYCHIATRY 
psychological 
preparation, pediatric 
techniques 
psychosocial aspects 
geriatrics 
cancer therapy 
intensive care 
plastic surgery 
pudendal block 
pulmonary 
artery catheters 
circulation 
edema (noncardiogenic) 
emboli 
function tests 
hypertension and cor pulmonale 
infarction 
toxicity 
pulse oximetry 
quality assurance 
radical neck surgery 
RADIOLOGY 
urinary tract 
pediatric 
obstetrics 
radiology and nuclear medicine 
cardiac 
thoracic 
vascular 
gastroenterology 
endocrine 
reflex sympathetic dystrophy 
reflexes, physiology 
REGIONAL ANESTHESIA 
newborns 
urology 
cesarean section 
morbidity, obstetrics 
oral & maxillofacial surgery 
outpatient anesthesia 
pediatric 
stress response to surgery 
ENT surgery 
pain therapy 
vs general in the elderly 
relationship, anesthesiologists 
renal 
physiology, geriatric 
physiology, pediatric 
electrolyte metabolism 
circulation 
effects of anesthesia 
manifestations of systemic disease 
renin-angiotensin 
research, in anesthesia 
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02.15.03.03 
02.15.03.01 
14.01.05.07 
02.19.04.01 
27.07.01 
05.02.05.02 
24.13.17 

51 


24.14.02 
06.06.01 


22.02 
18.07 
29.04 
23.02 
05.07 


08.06.03.04 
10.02.04.01 
10.05.11 
10.05.06 
10.02.03 
10.05.15 
10.05.07 
30.03.04.01 
30.03.07.01 
36.04 
20.06.11 

52 
14.01.04.02 
24.12.05 
12.04.03 


08.04.02 
10.04.02 
09.04.02 
15.04.02 
16.04.02 
06.04.01 
11.02.07 

05 
24.15.07.03 
14.03.04 
12.05.06.01 
12.05.11.02 
20.07.03 
25.07 
24.14.05 
16.06.01.01 
20.06.02 
06.06.05 
22.05.04 
34.02 


22.03.05 
24.02.03 
02.13 
14.01.02.03 
14.03.02 
14.01.05.09 
14.01.02.05 
42.02 
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residency, emergency medicine 
residency training 
respiratory 
physiology, adult 
physiology, geriatric 
physiology, pediatric 
pediatric critical care 
maternal alterations 
diseases, pediatric 
mechanics 
resuscitation of the newborn 
retained secretions 
retina 
retrolental fibroplasia 
reversal of neuromuscular blockade 
rheumatoid arthritis 
risk assessment, preoperative 
risk factors and epidemiology (CAD) 
safety standards, operating room 
salivation 
secretions 
sedation during local and regional anesthesia 
seizure disorders 
selection criteria, outpatient anesthesia 
sensation (cutaneous, deep, and visceral) 
serotonin 
sevoflurane 
shivering 
shock states 
sleep 
small and large intestines 
small bowel obstruction 
smoke inhalation 
smoking 
SOCIETIES 
sodium 
solo, office practice 
SPECIAL ANESTHETIC TECHNIQUES 
special considerations 
medico-legal issues 
postanesthesia care unit (PACU) 
spinal 
and epidural opioids 
anesthesia 
cord diseases 
cord surgery 
surgery, orthopedic 
tap, adult 
tap, pediatric 
SSEP (somatosensory evoked potentials) 
staffing, emergency room 
starvation 
STATISTICS AND ANESTHESIA 
stellate ganglion block 
sterilization 
stereotactic biopsy 
stethoscopes 
strabismus 
stress 
electrocardiography 
response to surgery 
succinylcholine 
sufentanil 


11.02.08 


03.06.09 
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superior vena cava syndrome 
supportive care, oncology 
suprascapular nerve block 
surgeons, anesthesiologists and 


surgery 


for seizures 

gallbladder and bile ducts 
nose, sinuses, and mouth 
retina and vitreous body 


surgical emergencies 


newborn 


pediatric 


surgical role in pain relief 
sympathetic nervous system 
sympathomimetic amines 


teaching, CPR 

techniques, one-lung anesthesia 

temperature regulation 
pediatric 
adult 
disorders 

TENS 

tetracaine 

therapy 
coronary artery disease 
heart failure 
hypertension 
shock states 

THORACIC 
ANESTHESIA. 
aortic aneurysms 
surgery, pediatric 
trauma 
thoracoscopy 

thromboembolism 

thrombolytic 

thromboxane 

thyroid 
diseases 
physiology 
and antithyroid agents 
surgery 

tocolytic agents 


tonsillectomy and adenoidectomy 
topical anesthesia 
topical, infiltration and nerve blocks, eye 


tourniquets 


toxicity, local anesthetics 


toxicology 


trace anesthestics 
tracheal resection 


tracheostomy 


ENT 
critical care 


transcutaneous O,, monitoring 


equipment 


transesophageal echocardiography 


transfusions 


trauma 


facial 
thoracic 
urinary tract 
critical care 


10.06.07 
18.05.04 
05.02.02.05 
34.02.01 


11.06.09 
15.06.06 
20.06.04 
19.06.03 


24.15.07.05 


16.05.02 
16.02.02 
02.22.05 
16.06.05 
02.16.02 
20.06.05 


14.01.05.10 
29.06.03.02 
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pediatric 
ophthalmology 

tubal ligation 

tuberculosis 

tubular transport inhibitors 

tumor markers 

tumors 
ophthalmology 
genitalia—male 
neurosurgery 
bone/joint/muscle 
phamyx and larynx 
urinary tract 

TURP 

units and standards 

upper respiratory tract, infection 

uptake and distribution 

urinary tract 

urogenital diseases 

uterine motility 

valvular heart disease 

vaporizers 

VASCULAR ANESTHESIA 

vascular 


aneurysms 


24.14.09.10 
19.05.06 
13.06.05 
10.05.09 
02.13.03 
18.02 
14.02.10.04 
19.06.08 
14.02.05.04 
11.05.07 
21.05.03 
20.06.10 
14.01.05.06 
14.03.05 
39.01 
10.05.19.01 
03.02 

14.01 
24.13.08 
02.16 
08.05.02 
38.05 

09 


09.05.07 


diseases of the intestine 
vasopressors 
vecuronium 
venous air embolism, neurosurgery 
venous circulation 
ventilation perfusion relationships 
ventilator modes 
ventilatory care 
ventilatory management, critical care 
ventricular function 
ventriculostomy 
vision 
visit 
postoperative 
preoperative 
vitamin deficiencies 
vitamins 
water, salts, and ions 
well-child care 
Wilson’s disease 
work and energy 
wrist block 
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15.05.07 
02.11.05 
02.10.02.09 
11.06.03 
09.02.01 
10.02.04.02 
30.04.05 


01.02.01 
01.01.01 
27.07.02 
02.21 

02.12 
24.08 
28.05.06 
39.03 
05.02.03.03 


Letters to the Editor 


pH of Stomach Contents 


To the Editor: 


I read with interest the article by Abouleish and Merriman 
(1) suggesting that only water should ke given during 
labor. They make this recommendation based on the pH of 
various fluids and juices. They neglect, however, to con- 
sider the buffering capacity of the various juices. As water 
is not buffered, it is not only possible but most likely that 
the pH of a mixture of stomach contents and 25 mL of any 
of the juices listed in their article would have a higher pH 
than stomach contents plus tap water. It should be noted 
that all of the fruit juices and the Gatorade are buffered at a 
pH more than 2.5. The recommendation that only water 
should be allowed during labor is not supported by the data 
presented. - : 

M. Craig Pinsker, MD, PhD 

Pathways Medical Center 

9211 Forest Hill Avenue 

Suite 208 

Richmond, VA 23235 


Reference 


1. Abouleish E, Merriman T. In obstetrics: keep the water colorless and 
clear. Anesth Analg 1991;73:674. 


To the Editor: 


There appears to be a general misunderstanding among 
anesthesiologists concerning the gastric pH. The miscon- 
ception is based on the disregard of the difference between 
hydrogen ion activity (measured by pH electrode) and 
hydrogen ion content (measured by titration). Drs. 
Abouleish and Merriman (1) advised the use of clear water 
rather than fruit juices for the preoperative fluid on the 
grounds that the pH of their tap water was 7.2, whereas 
those of fruit juices were in the range of 3. Our concern is 
that this letter may give an erroneous impression that 
drinking pH 7.2 tap water is much safer than fruit juices 
because of high pH. What is important is the acid content. 

To meaningfully analyze the acid-base balance, two 
variables are mandatory (2,3): hydrogen ion activity (pH) 
and content (titration, mEq). All confusions about gastric 
acidity originate from the attempt to analyze the acid-base 
balance by pH alone, neglecting the titration of the acid 
content. The negative antilog of pH has nc meaning and is 
not the hydrogen ion concentration. Let us show some 
examples. 

It is difficult, if not impossible, to measure the pH of 
water. If one exposes freshly deionized water to air, the pH 
quickly becomes much lower than 7 because of the minute 
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amount of CO, absorbed from the air. To neutralize 1 L of 
pH 6.0 water to pH 7, about 1.0 uL of 8.4% bicarbonate 
solution (1.0 mEq/mL, or 1.0 M) would suffice. If the 
negative antilog of pH were equivalent to the hydrogen ion 
concentration, 1 L of blood at pH 6.4 (hydrogen ion 
concentration 3.98 x 1077 M) can be neutralized to pH 7.4 
by only 0.36 uL of 8.4% bicarbonate solution. When 100 mL 
of cranberry juice (pH 2.7) is in the stomach, 0.2 mL of 8.4% 
bicarbonate solution would raise the pH to 7.4. When 
100 mL of tap water (pH 7.2) is ingested into 20 mL of 
gastric juice at pH 2.0, the estimated pH becomes 2.8. 
These examples are based on the assumption that the 
negative antilog of pH is the hydrogen ion concentration. 

The automated blood gas analysis might have contrib- 
uted to the confusion concerning the basics of the acid-base 
concept. Blood gas machines measure pH (hydrogen ion 
activity) by a glass electrode and Pco, by a CO, electrode. 
It is not well appreciated that Pco, is needed to estimate the 
titrated acid content, in addition to diagnose the respiratory 
function. Because pH, Pco,, and hydrogen ion concentra- 
tion are nonlinearly related, the Siggaard-Andersen nomo- 
gram is used to estimate the titrated hydrogen ion concen- 
trations. In the blood gas system, the titrated acid or base 
content is expressed by the term “base deficit” or “base 
excess.” 

We previously annotated the meaning of pH, hydrogen 
ion activity, activity coefficient, and hydrogen ion content 
(2,3). The above estimation of the gastric pH after ingestion 
of 100 mL of pH 7.2 tap water is wrong because HCI at low 
pH exists as a mixture of dissociated and undissociated 
forms; hence, the resulting pH is lower than the calculated 
value. To estimate the actual value, the Debye-Hitckel 
equation should be used (3). For details, please see our 
previous publications (2,3). 

Supported by the VA Medical Research. 


Hiroshi Kamaya, MD 
P. R. Krishna, MD 
Issaku Ueda, MD 
Anesthesia Service 112A 
VA Medical Center 

500 Foothill Boulevard 
Salt Lake City, UT 84148 
and 
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University of Utak School of Medicine 
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930 LETTERS TO THE EDITOR 


In Response: 


Dr. Pinsker raised an important and interesting point that 
perhaps water, by not being buffered, is not better in 
raising the gastric pH than any of the other solutions. 
Accordingly, we conducted the following in vitro study to 
test his hypothesis. We collected gastric contents from six 
patients having nonobstetrical elective surgery requiring 
nasogastric tubes during general anesthesia. The pH of the 
mixture of the collected gastric samples was 1.780. From the 
pool of gastric fluid we obtained 25 aliquots, 5-mL each. 
After measuring the pH of the solution to be tested, we 
added to each aliquot an equal volume of either water, 
apple juice, grape juice, orange juice, or lemon-lime Gator- 
ade. At 1, 15, and 30 min, we measured the pH of the 
mixtures. For statistical analysis we used analysis of vari- 
ance, multiple regression, the Fisher PLSD test, the Scheffé 
F-test, and Dunnett's test. 

With each tested solution, there was no statistically 
significant change in the pH of the mixture over time. 
When comparing each tested solution with the others, 
there was statistical significance at 95% at each comparison 
(Table 1). The pH of the gastric contents was increased by 


Table 1. Changes in Gastric pH (1.780) by the Addition 
of Recommended Fluids for Oral Intake During Labor 


No. of 
Fluid Original pH observations Resulting pH’ 
Tap water 6.480 t3 2.029 + 0.004 
Fruit juices 
Apple” 4.060 15 2.149 + 0.004 
Grape“ 3.640 15 2.666 + 0.005 
Orange“ 4.030 15 3.067 + 0.006 
Gatorade 
Lemon-Lime* 3.280 15 2.08 + 0.004 


“Values are mean + SEM. Significant difference (p < .05) when compar- 
ing each resulting pH versus the others. 

*Mott’s Apple Juice by Cadbury Beverages, Stanford, CT 06905. 

“Welch’s Grape Juice by Welch’s, Concord, MA 01742. 

4Parade Orange Juice by Federated Foods, Arlington Heights, IL 60005. 

“Lemon-Lime Gatorade by Gatorade Co., Chicago, IL 60604. 


the addition of each fluid. The resulting pH was lowest 
with water and highest with orange juice, but it was still 
acidic in all and below pH 2.5 in 60% of the samples. 

Ueda et al. in their letter and previous publications (1,2) 
state that the pH resulting from the addition of two 
solutions of different pH cannot be their calculated mean if 
their buffering capacity is unknown. Our study confirmed 
their statement and proved that it is more accurate to 
actually measure the pH of the resulting mixture. 

In conclusion, our study confirmed Pinsker’s hypothe- 
sis. It also showed that none of the tested solutions ade- 
quately neutralized gastric acidity, yet doubled its volume. 
The effect of all these solutions on gastric emptying time is 
unknown. Until this information becomes available, we 
cannot recommend any of these fluids, including water, for 
oral intake during labor. 
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Ezzat Abouleish, MD 

Ben Meisenheimer, MD 
Jin Lin, MS 

Nabil Rashad, MD 
Department of Anesthesiology 
University of Texas at Houston 
6431 Fannin, MSB 5.020 
Houston, TX 77030 
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Congenital Embryonal 
Rhabdomyosarcoma of the Tongue 


To the Editor: 


We recently anesthetized a 2-day-old girl weighing (2.4 kg) 
for excision of a 7 X 6-cm tumor arising from the anterior 
two-thirds of the tongue (Figure 1). The neonate was 
cyanotic but without any signs of respiratory distress. She 
had a heart rate of 120 beats/min and a respiratory rate of 30 
breaths/min. Her body temperature was 37.8°C. The heart 
and chest were normal on auscultation. The tumor filled 
the majority of the oral cavity and protruded out of the 
oropharynx with surface ulceration and hemorrhage. 
Breast feeding was impossible and so the tumor had to be 
excised as an emergency measure. 

At first sight tracheal intubation appeared impossible, 
and preparations for a tracheostomy, therefore, were 
made. The baby was premedicated with atropine 0.1 mg IV 
and received oxygen via a tight-fitting mask. The tongue 
along with the tumor was held with a moist piece of gauze 
and pulled forward. A straight infant laryngoscope blade 
was inserted, and the vocal cords could be visualized with 
the aid of gentle external laryngeal pressure. The trachea 
could thus be intubated easily using a 3-mm uncuffed 
endotracheal tube. From then on anesthesia became easy. 





Figure 1. Photograph of the neonate showing tumor protrusion 
out of the mouth. 
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Halothane, nitrous oxide, and oxygen were given for 
45 min using a Jackson-Rees circuit. Total excision of the 
tumor and repair of the tongue was carried out success- 
fully. Histologic findings showed the tumor to be a con- 
genital embryonal rhabdomyosarcoma. 

Direct laryngoscopy is still a very worthwhile maneuver 
in these situations where a difficult airway is anticipated, 
because it may certainly be possible to bring the larynx into 
view. Orotracheal intubation after pulling the tongue out 
and applying gentle external laryngeal pressure may be 
tried first during intubation attempts whenever there is a 
large mass arising from the tongue. Facilities for fiberoptic 
laryngoscopy, retrograde wire insertion, blind techniques, 
tracheostomy, or cricothyroidotomy should be immediately 
available as an alternative method of establishing an air- 
way. 


K. Krishna Mohan, MD 
A. Lal, MD, DA 

t of Anaesthesiology 
Institute of Medical Sciences 
Banaras Hindu Untversity 
Varanast-221005 
India 


Digital Nerve Blocks and Pulse 
Oximeter Signal Detection 


To the Editor: 


A digital nerve block is of value not only in restoring pulse 
oximeter readings, as reported by Bourke and Grayson (1), 
but also in differentiating between cyanosis from hypoxe- 
mia and that due to peripheral vasoconstriction (2). It is 
also useful, as J have reported (3), for improving the indirect 
measurement of blood pressure with a photo-sphygmometer 
or a digital cuff. I found that the vigorcus rubbing of a 
fingertip milks out desaturated blood and, perhaps with local 
histamine release, temporarily restores capillary flow. It is a 
useful emergency measure to assist in assessing the cause of 
peripheral cyanosis while a digital block is being performed or 
an arterial blood sample is being obtained. Comroe and 
Botelho (4) reported that visual observation for cyanosis 
(without a digital block) is not reliable. However, the color 
difference between the blocked and unblocked digit men- 
tioned by Bourke and Grayson can be useful. 
Douglas W. Eastwood, MD 

of Anesthesiology 
University Hospitals of Cleveland 
2078 Abington Road 
Cleveland, OH 44108 
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Another Use for Precordial 
Stethoscopes 


To the Editor: 


The determination of sensory block level during epidural 
and spinal anesthesia is commonly performed by swabbing 
the skin repeatedly with a tiny alcohol pad. In many cases, 
so little alcohol is deposited on the skin that only minimal 
evaporative cooling takes place, and patients find it difficult 
to distinguish between light touch and temperature sensa- 
tion. Alcohol-soaked sponges avoid this problem but can be 
messy and are not always reacily available. I have found 
that a precordial stethoscope (a simple device, present in all 
operating rooms) can be used to provide a more reliable 
assessment of temperature sensation during regional anes- 
thesia. As operating rooms are typically kept cool, and the 
specific heat of steel used to fabricate these devices is high, 
contact with the skin results in an unambiguous sensation 
of cold. Furthermore, the sensation of cold lasts only as 
long as the metal is actually in contact with skin (in contrast 
to the prolonged cooling when alcohol slowly evaporates). 
The back of the stethoscope can be advanced over the skin 
surface from thigh upward while asking the patient to 
indicate the onset of a cold sensation. Typically, a very 
distinct block level is reproducibly determined. As the 
metal will not warm immediately, bilateral block levels can 
be checked quickly and easily. Care must be taken to avoid 
handling the metal for too long, and of course an unusually 
warm operating room will void this technique entirely. 
However, in most situations the precordial stethoscope, 
like many other objects that we place on the patients’ skin, 
will elicit a very definite cold sensation. 


James M. Hynson, MD 

Department of Anesthesia 

Mount Zion Medical Center of UC San Francisco 
1600 Divisidero Street 

San Francisco, CA 94120-7921 


Sedation for Children Undergoing 
Magnetic Resonance Imaging and 
Computed Tomography 


To the Editor: 


Anesthesia for children undergoing neurodiagnostic proce- 
dures outside the operating room suite continues to be a 
challenge for the anesthesiologist. Numerous anesthetic 
approaches to these increasingly popular diagnostic proce- 
dures have been reported (1-3). General endotracheal an- 
esthesia and intravenous, rectal, and oral routes of drug 
administration each have their advocates. In 1987, after two 
cases of respiratory depression in infants undergoing mag- 
netic resonance imaging had occurred, we were asked to 
design a protocol for administering the sedation and mon- 
itoring children during neurodiagnostic testing at Schnei- 
der Children’s Hospital, Long Island Jewish Medical Cen- 
ter. Before this time there was no standard criteria for 
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giving sedation. A variety of physicians including anesthe- 
siologists, pediatricians, and neurologists as well as nurses 
were administering sedation and monitoring the children. 
In an attempt to provide a safe method of sedating these 
patients, chloral hydrate was selected. Chloral hydrate has 
a long history of safety in the pediatric population and is 
easily administered. From November 1987 through January 
1990, we sedated a total of 518 children ranging in age from 
6 wk to 18 yr (mean 3.6 yr) for neurodiagnostic procedures 
at our institution. Chloral hydrate was used in each case as 
the primary sedative. The protocol called for an initial dose 
of chloral hydrate of 75-100 mg/kg. To minimize the inci- 
dence of gastric irritation, half the dose was given orally 
and half rectally. If after 30 min the level of sedation was 
unsatisfactory, additional 25-mg/kg doses of chloral hy- 
drate were administered rectally to a maximum dose of 
150 mg/kg (mean total dose 109.4 mg/kg). If the child was 
still restless, hydroxyzine 1.0 mg/kg was administered 
intramuscularly. Hydroxyzine was used in 4% of the cases. 
Children who were teething and/or appeared to have 
excessive oral secretions were given glycopyrrolate 
0.04 mg/kg orally to a maximum dose of 1.0 mg with the 
chloral hydrate. Half the children underwent computed 
tomography scanning and half underwent magnetic reso- 
nance imaging. Approximately 10% had a second test 
performed following the scan, usually an electroencepha- 
logram. Only one patient, a 3.5-yr-old child undergoing 
magnetic resonance imaging, was cancelled for mild airway 
obstruction requiring head extension, which made the 
procedure impossible to perform. This child received a dose 
of 100 mg/kg of chloral hydrate. The largest total dose used 
was 6 g in a 10-yr-old 38-kg child (155 mg/kg). The time to 
discharge after the diagnostic procedure was less than 
30 min in 78% of the patients. By 60 min, 92% of the 
patients had been discharged. 

Chloral hydrate is one of the oldest and safest of the 
hypnotic drugs. It is rapidly absorbed through all mucous 
membranes and causes minimal alterations in respiration, 
pulse, and blood pressure. Although the manufacturer 
recommends a dose of 50 mg/kg to a maximum of 1000 mg, 
there is little research to support this dose schedule. 
Judisch et al. (4) reported using orally administered doses 
of 100-150 mg/kg in more than 300 children undergoing 
ocular examination. They reported a 1%-2% failure rate 
and a 15% incidence of transient vomiting. One of their 
patients developed mild upper airway obstruction requir- 
ing several minutes of head extension. Our results are 
comparable except for the incidence of vomiting, which in 
our series was 5%. Our patients experienced less gastric 
irritation as half the chloral hydrate dose was administered 
rectally. Reports of chloral hydrate toxicity are rare. We 
have found it to be an extremely safe and effective medica- 
tion. Using this protocol we have been able to provide a 
safe and effective method of sedating children for neuro- 
diagnostic procedures. 


George G. Neuman, MD 

Lawrence G. Kushins, MD 

Department of Anesthesiology 

Saint Vincent's Hospital and Medical Center of New York 
153 West 11th Street 

New York, NY 10011 
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Salvatore Ferrante, MD 
Department of Anesthesiology 
Saint Raphael's Hospital 
1450 Chapel Street 

New Haven, CT 06511 
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Stomal Leaks and Gas Bubbles 


To the Editor: 


For various reasons, anesthetists may be asked to intubate 
the trachea of a patient with a tracheostomy via the oral 
route. The volume of air inserted into the endotracheal cuff 
should seal the trachea without causing pressure damage to 
the tracheal mucosa. 

The correct volume needed to seal the trachea is often 
established by listening with a stethoscope for leakage of air 
from the tracheostomy site after the cuff of the newly 
placed oral endotracheal tube has been inflated. We pro- 
pose a simple test that is useful in establishing that the 
trachea has been sealed by the endotracheal tube cuff. We 
place a clear plastic adhesive tape, such as Tegaderm 1624 
Transparent IV Dressing (3M Medical-Surgical Division, St. 
Paul, Minn.) over the tracheostomy stoma once the cuff of 
the oral endotracheal tube has been inflated. If there is 
insufficient air in the cuff, gas bubbles will form beneath the 
adhesive tape. If no bubbles form, air is withdrawn from 
the cuff until a small gas bubble forms under the adhesive 
dressing. Then, an additional small volume of air is injected 
through the pilot balloon to seal the trachea (see Figures 1 





Figure 1. Tracheostumy stoma covered by Tegaderm 1624 when a 
leak is present around the endotracheal tube cuff. 
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Figure 2. Same patient as in Figure 1 but the leak around the 
endotracheal cuff has been sealed. A fresh Tegaderm 1624 has been 
applied over the tracheostomy stoma. 


and 2). Not only does this new technique result in a good 
seal at a very low cuff volume, it also protects the anesthe- 
tist’s stethoscope from contamination resulting from con- 
tact with the tracheostomy site. 


Michael J. Tessler, MD, FRCPC 


Simcha J. Kleiman, MD, FRCPC 
Department of Anaesthesia 


Gerard Mohr, MD, FRCSC 

Department of Neurosurgery 

Sir Mortimer B. Davis Jewish General Hospital 
3755 Cote Ste. Catherine Road 

Montreal, Quebec, Canada H3T 1E2 


How to Dislodge a Severely Trapped 
Epidural Catheter 


To the Editor: 


In most instances when an epidural catheter is trapped, 
simple flexion and rotation of the spine is sufficient to 
dislodge the catheter. However, we have encountered the 
most difficult removal of an epidural catheter in a 56-yr-old 
woman with peripheral vascular disease who was sched- 
uled for patch angioplasty of the femoral artery. Her 
medical problems included hypertension, non-insulin- 
dependent diabetes mellitus, chronic renal failure requiring 
hemodialysis, and coronary artery disease with stable an- 
gina. She had had three myocardial infarctions in the 
distant past and several transient ischemic attacks. Her 
previous surgeries included hysterectomy, appendectomy, 
and aortic bypass. She had no known allergies and no 
history of previous regional anesthesia, back surgery, or 
back problems. She smoked heavily for 40 yr. Physical 
examination revealed a 5 ft 1 in., frail, chronically ill 
patient, weighing 50 kg, with a moderate degree of kypho- 
sis. The epidural was performed in the sitting position with 
her back flexed, her feet resting on a stcol and her arms 
resting on a Mayo stand at midchest level. The epidural 
space was entered at the L3-4 interspace in the midline 
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using the loss of resistance techrique. The epidural catheter 
was easily threaded approxima-ely 4 cm into the epidural 
space. After administration of 2 mL of 2% lidocaine as test 
dose, 15 mL of lidocaine plus 100 ug of fentanyl were 
injected in increments. A final sensory level of T-8 was 
obtained. At the conclusion o= surgery, 2.5 h later, the 
patient was rolled into the right lateral decubitus position 
for removal of the epidural catheter. Firm pulling in various 
directions did not release the catheter. The patient was 
pushed up into a sitting position with her back flexed and 
her legs extended on the operating table. The catheter was 
still felt to be trapped. Attempts were made to push the 
catheter back in, to loosen any possible knot or curling 
around the laminae. The patient was asked to extend her 
spine, and to bend from side to side. Repeated attempts in 
all different postures only stretched the catheter. Finally, 
the patient was placed in left lateral decubitus position and 
a nurse was asked to vigorously flex her in the chin-knee 
position at almost a 360° arch. The catheter was grasped 
close to the skin until it ”'gave” and was withdrawn. The 
catheter was intact, but stretched, with no knots or kinks. 
There was no unusual bleeding. We speculate that when 
the patient was placed supine for surgery, the epidural 
catheter became wedged between portions of the bony 
spine. It remained caught when the patient was placed in 
the right lateral decubitus position for removal and was not 
released when she was placed in a sitting position with her 
legs extended. Only after placing her in the left lateral 
position, with an assistant helping to attain severe spinal 
flexion, could we dislodge the catheter. Fortunately, the 
catheter used was a strong catheter (1). Our finding coin- 
cides with Blackshear's report or there being less tension on 
an epidural catheter when it is removed with the patient in 
a lateral decubitus position than when in the sitting posi- 
tion (2). We recommend careful selection of the epidural set 
so that an unbreakable epidura! catheter is chosen suitable 
to individual’s need. We also recommend placing the 
patient in extreme flexion in the lateral decubitus position 
when a catheter is trapped. 


Edwina Sia-Kho, MD 

Theresa T. Kudlak, MD 

Department of Anesthesiology 

The New York Hespital-Cornell Medical Center 
525 East 68th Street 

New York, NY 10021 
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Unintentional Deletion of References 
During Repeated Revisions of 
the Manuscript 


To the Editor: 


It has been brought to our attention by Dr. Goudsouzian, 
Massachusetts General Hospital, Boston, that there is an 
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error in the references of our article (1). Indeed during 
repeated revisions and printing two references were unin- 
tentionally deleted. They were: 


Callanan DL. Development of resistance to pancuro- 
nium in adult respiratory distress syndrome. Anesth 
Analg 1985;64:126-8. 


Meyer EF. Partial recovery from pancuronium neuro- 
muscular blockade following hydrocortisone admin- 
istration. Anesthesiology 1977;46:148-50. 


We regret the error that occurred in spite of repeated 
checking of the manuscript. We thank the readers like Dr. 
Goudsouzian for their interest in our work. 


S.S. Moorthy, MD 

Stephen F. Dierdorf, MD 
Department of Anesthesia , 
Indiana University School of Medicine 
Indianapolis, IN 
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Chronic Headache Resulting From 
Postoperative Supraorbital Neuralgia 


To the Editor: 


Drs. Klein and Schmidt (1) presented a case of a patient 
who had chronic right-sided frontal headache that was 
successfully treated with supraorbital nerve blocks. They 
reported that the blocks were performed with 0.25% bupi- 
vacaine in epinephrine (1 in 200,000) and 20 mg of methyl- 
prednisolone. I would like to congratulate them on this 
presentation. We have had similar results with this tech- 
nigue for comparable headache patients at our institution. 
However, I would like to point out that in using 0.25% 
bupivacaine, there is a possibility that muscle (frontalis) 
atrophy secondary to bupivacaine myotoxicity (2) may 
occur. Although the frontalis muscle is not a large muscle, 
its atrophy produces a noticeable depression on the fore- 
head. This complication, though relatively uncommon, 
may present cosmetic problems that may be unacceptable 
to the patient. Muscle atrophy after bupivacaine has been 
previously reported (3-5). Fortunately, muscle regenera- 
tion occurs approximately 3 mo after the onset of atrophy. 
Thus, it is prudent to avoid bupivacaine for nerve blocks 
on the face (e.g., supraorbital nerve block) or any other 
cosmetically sensitive area. Mepivacaine 1.5% or prilocaine 
1.0% are suitable alternatives that do not seem to produce 
myotoxicity in human subjects or animals. In fact, because 
of the potential for developing myotoxicity as complication, 
bupivacaine appears to be relatively contraindicated in the 
administration of supraorbital nerve blocks. 


Winston C. V. Parris, MD 
Vanderbilt University 
Pain Control Center 


Department of Anesthesiology 
Nashville, TN 37232 
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In Response: 


Dr. Parris raises two very interesting points in his letter. 
The issue of bupivacaine myotoxicity is of academic interest 
for applications where bupivacaine is injected directly into 
muscle (e.g., trigger point injections), as the case reported 
by Parris (1) might suggest. The technique described for 
supraorbital nerve block, however, involves infiltration 
around a peripheral nerve (2), and the criticism is therefore 
irrelevant. The technique describes infiltration of bupiv- 
acaine into a tissue plane between the nerve and the 
orbicularis oculis, and not directly into the muscle. It is well 
to note that I have performed this technique thousands of 
times for similar craniofacial nerve blocks. I have personally 
followed up these patients for the 9 yr that I have been in 
practice at the same location. It bears noting that I have 
never seen any cosmetic changes resulting from bupiv- 
acaine muscle wasting. In the small town where I practice, 
if a cosmetic complication were to occur, it would have 
been noticed. 

Second, elevation of a theoretical concern (in this case, a 
rarely occurring side effect) to the status of “relative con- 
traindication” is erroneous and capricious. Again, I have 
performed bupivacaine trigger point injections tens of 
thousands of times without the slightest evidence of myo- 
toxicity. I have performed well over 40,000 nerve blocks 
and trigger point injections, almost exclusively using bupi- 
vacaine 0.25% or 0.5% concentrations, and the rare occur- 
rence of myotoxicity has never manifested clinically. There- 
fore, the term “relative contraindication” is clearly 
misapplied. 

A series of 51 patients receiving supraorbital nerve 
blocks was presented at the American Academy of Pain 
Management in 1991. Most of these patients had been 
followed up over a 3-7-yr period, and none had any 
demonstration of myotoxicity or cosmetic changes at all (3). 

Concerning cosmetic changes, the steroid used is far 
more likely to cause problems. I have seen this occur 
several times, manifesting as a small well-defined area of 
relatively hypopigmented skin. As a result of this concern, 
I use rather modest amounts of steroid, and titrate the 
number of blocks to get the desired effect. 

In any event, I appreciate the criticism raised by Dr. 
Parris, but the experience that I have accumulated does not 
indicate that muscle wasting is at all likely to occur. 
Peripheral nerve blocks such as the one described involve 
placement of the agent into a tissue plane rather than into 
a muscle bundle. In summary, a rarely occurring complica- 
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tion should not imply the label of “relative contraindica- 
tion.” 


David S. Klein, MD 
Shenandoah Valley Pain Clinic 
P.O. Box 509 

Staunton, VA 24401 
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An Inexpensive and Practical 
Cable Holder 


To the Editor: 


A significant problem exists with disorganized and tangled 
monitoring cables in operating rooms. I frequently will 
need three pressure cables, an EKG cable, and a cardiac 
output computer cable during complex cases. It is very 
difficult to keep these cables from falling into a tangled 
mess on the floor. Cables lying on the floor frequently are 
damaged or contaminated and can be difficult to change if 
they malfunction. 

I have developed a reliable, inexpensive cable holder as 
a solution to these problems. This system uses a long 
section of ventilator circuit cut lengthwise, with circumfer- 
ential Velcro straps to keep the cables in the holder. The 
cable container is attached to the head of the operating 
room table with Velcro straps to allow easy removal for 
table cleaning or repositioning (Figure 1). If a cable fails, the 
circumferential straps are removed and the cable changed 
(Figure 2). 

This system is cheap and effective and should increase 
cable life by preventing crushing of the cables under the 





Figure 1. The cable holder is attached to the head of the operating 
room table with Velcro straps (white arrows). 
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Figure 2. Opening the circumferential Velcro strap (A) allows the 
cables (C) to be easily removed from the cable holder (B). 


operating room table and anesthesia machine. This system 
has been effective in our operating rooms. It could be easily 
adopted into practice in any hospital with minimal effort. 


Robert F. Brooker, MD 
Department of Anesthesia 

The Bowman Gray School of Medicine 
Wake Forest University Medical Center 
Medical Center Boulevard 
Winston-Salem, NC 27157-1009 





Predictive Values of Cervical Spine 
Radiographs in Trauma Patients 


To the Editor: 


In the excellent review article by Hastings and Marks (1), 
the predictive values of the three standard radiologic views 
in suspected cervical spine injury were not specified. The 
predictive value is the probability of an unknown event (in 
this case the presence or absence of a cervical spine frac- 
ture), given the results of a test ‘three views of the cervical 
spine). In contrast, the sensitivity of a test addresses the 
probability of a positive result if the event is known to be 
true. As it is the test result that is the known quantity in 
clinical situations, the predictive value of the test is impor- 
tant. 

For the case of three radiologic views in evaluation of 
cervical spine injuries, the relevent statistics are as follows. 
The probability of cervical spine fracture is 10% in high-risk 
patients (victims of head-first falls and high-speed motor 
vehicle accidents), and 2% in low-risk patients (other 
trauma victims) (1). The sensitivity of three views of the 
cervical spine is 90% (1). The specificity is 70% (2,3). 
Standard calculations using Bave’s formula for posterior 
probabilities give these results: 


Negative predictive value, high-risk patient =0.984 
Negative predictive value, low-risk patient = 0.997 
Positive predictive value, high-risk patient = 0.250 
Positive predictive value, low-risk patient = 0.058 
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A set of three views negative for cervical spine injury 
decreases the probability of an injury to 2% for high-risk 
patients and to less than 1% for low-risk patients. 

Interestingly, the positive predictive values show that 
the majority of patients with positive cervical spine radio- 
graphs will not have cervical spine injuries. However, this 
is certainly not to minimize the importance of treating each 
of these patients as if he or she has a cervical spine injury, 
as the consequence of doing otherwise can be devastating. 


William C. Tom, MD 
Department of Anesthesiologyi/CCM 
Presbyterian-University Hospital 
DeSoto at O'Hara Streets 
Pittsburgh, PA 15213 
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In Response: 


We thank Dr. Tom for analyzing the predictive value of 
cervical spine radiographs in trauma patients. His analysis 
verifies that the probability of cervical spine injury in 
high-risk patients with normal radiographs is comparable 
to that in low-risk patients before examination. Thus, it would 
be logical to treat victims of high-risk accidents as having 
potential cervical spine injury until information in addition 
to the radiographs suggests that the spine is stable. 
Randolph H. Hastings, MD, PhD 

James Marks, MD 


Department of Anesthesia 
San Francisco General Hospital 
San Francisco, CA 94110 


Is There a Role for the Finapres 
When Arterial Lines Are Used? 


To the Editor: 


The 2300 Finapres (Ohmeda) is a noninvasive continuous 
blood pressure monitor that uses a rapidly adjusting finger 
cuff equipped with a photoplethysmograph (1). It generates 
a continuous blood pressure wave form while providing a 
digital display of blood pressure and heart rate. Studies 
have shown that although its accuracy is not consistent, it 
can provide useful beat-to-beat information on arterial 
pressure trends (1). 

We recently had the opportunity to use this monitor 
during a lengthy bilateral adrenalectomy in a patient with 
pheochromocytoma. Although a good functioning radial 
arterial line was used throughout the case, we also moni- 
tored the blood pressure with the Finapres on the opposite 
arm. The intraoperative course was characterized by signif- 
icant heart rate and blood pressure changes. There were 
multiple hypertensive episodes with arterial blood pressure 
exceeding 200 mm Hg. They occurred most frequently 


ANESTH ANALG 
1992;74:929--39 


when the tumors were manipulated. There were also 
sudden and unpredictable elevations in blood pressure 
unrelated to tumor manipulation. Direct arterial blood 
pressure monitoring was interrupted at multiple points 
during the operation for arterial blood sampling to assess 
potential respiratory and metabolic derangements. 

The Finapres was useful during those brief, but trou- 
bling interruptions, allowing us to follow the blood pres- 
sure trends at all times. Immediate treatment for one 
hypertensive episode was possible because of the continu- 
ous information provided by the Finapres while the arterial 
line monitoring was interrupted. 

Although we do not suggest that the Finapres can be a 
substitute to invasive monitoring, we consider it a helpful 
complementary tool, particularly in cases when it is essen- 
tial to monitor the blood pressure at all times. In this case 
anything less than uninterrupted beat-to-beat monitoring 
would have been less than optimal. 


Rafael A. Ortega, MD 
Mark W. Halterman, MD, MS 
Department of Anesthesiology 


~ Boston University Medical Center 


88 East Newton Street 
Boston, MA 02118 
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A Complication With a Pulmonary 
Artery Catheter 


To the Editor: 


Many complications have been reported with the use of 
pulmonary artery catheters (PAC) and the introducers 
through which they are often placed. We recently encoun- 
tered a problem with the Argon (Athens, Tex.) 9F PAC 
introducer. This introducer has a suture ring that is able to 
rotate 360°. Unfortunately, the suture ring and the intro- 
ducer are separate pieces, which allows the introducer to be 
pulled up along the suture ring. In our case, the sidearm of 
the introducer was pulled while the patient was being 
transferred from an intensive care bed to an operating room 
table during a return to the surgery for reexploration for 
bleeding after cardiac surgery. The suture and suture ring 
held fast, but the introducer slid up the suture ring (Figure 
1, left side) and out of the vein. The distal tip of the PAC 
remained in the pulmonary artery, but the break in the 
sterile barrier precluded repositioning the PAC distally 
enough to be wedged. Also, as the distal tip of the 
introducer was out of the vein, central venous access for 
drug infusion was compromised. Fortunately, the patient 
remained stable while a new introducer and pulmonary 
artery catheter were placed at a different site. 

This problem can easily be prevented by modifying the 
suturing technique by fixing a second skin suture to the 
introducer above the sidearm (Figure 1, right side at arrow) 
or by wrapping the suture around the introducer sidearm. 


ANESTH ANALG 
1992;74:929-39 





Figure 1. The left introducer demonstrates how the introducer was 
pulled out of the internal jugular vein while the suture ring with its 
suture remained attached to the skin. The right introducer has a 
second skin suture placed around it above the sidearm (arrow) to 
prevent this from occurring. Alternatively, the suture in the suture 
ring of the introducer could be wrapped around the sidearm. 


We know of no other brand of introducer that has this 
potential hazard. 


Stephen T. Robinson, MD 
Richard F. Davis, MD 

3181 Southwest Sam Jackson Park Road 
Department of Anesthesiology UHS-2 
Oregon Health Sciences University 
Portland, OR 97201 


Are Resterilized 29-Gauge Spinal 
Needles Clean? 


To the Editor: 


Nondisposable 29-gauge spinal needles (Becton Dickinson, 
Rutherford, N.J.) are routinely used for combined spinal 
epidural anesthesia. Afterwards, the needles are cleaned 
and resterilized as recommended by the manufacturer 
(rinsing with 20 mL of distilled water, drying with pressur- 
ized air, and heat resterilization). Scanning electron micros- 
copy revealed organic impurities (Figure 1) on all of the 14 
needles examined. Even two needles cleaned in an ultra- 
sonic bath for 15 min were not free from organic particles. 
However, no defects or damage of the needles could be 
observed. Although bacterial contamination is unlikely as 
cultures for bacterial growth remained sterile, these organic 
impurities could reach the subarachnoid space together 
with the injected local anesthetic and cause meningeal 
irritation (1). Tuominen et al. (2) also showed organic 
impurities on resterilized 29-gauge needles used for regular 
spinal anesthesia. Therefore, the combined spinal epidural 
technique could not prevent these contaminations, neither 
on the inside nor on the outside of the needles. 
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Figure 1. Scanning electron microscopy of resterilized 29-gauge 
needle. 


We conclude that owing to possible medicolegal conse- 
quences, sometimes resulting a long time after the admin- 
istration of anesthesia, it is unwise to use such needles 
repeatedly. We do hope that disposable and inexpensive 
29-gauge needles will become available soon. 


M. Méllmann 

H. J. Lubbesmeyer 

Klinik und Poliklinik fiir Anästhesiologie und operative Intensivmedizin 
Westfälische Wilhelms Universitat 

Münster, Germany 


E. Vandermeersch 

H. Van Aken 

Department of Anaesthesiology 
Universitaire Ziekenhuisen 
Katholieke Universiteit 
Leuven, Belgium 
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Use of the Buccal Route for the 
Administration of an Antiemetic 


To the Editor: 


We report the use of prochlorperazine administered as two 
buccal tablets for the prevention of postoperative sickness. 
We have studied 52 female outpatients undergoing gyne- 
cologic surgery or breast biopsy at this hospital. We divided 
the patients into two groups: those in group 1 were given 
no antiemetic and those in group 2 were given 6 mg 
prochlorperazine as two buccal tablets 1 h before surgery. 
Nausea and vomiting were assessed using a visual nausea 
scoring system (VNS) and interview similar to those used in 
previous series (1,2). Assessment times were before sur- 
gery and at 1, 4, and 24h after surgery. Patient demograph- 
ics and type of surgery were similar for the two groups. The 
incidence of nausea in patients in group 1 was 57.7%, and 
the incidence of nausea in patients in group 2 was 15.4% 
(P < 0.05). Figure 1 shows the incidence of nausea for the 
two groups at 1, 4, and 24 h after surgery. Fourteen patients 
(53.8%) in group 1 and three patients (13%) in group 2 
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Figure 1. Number of patients in group 1 (solid bars) and group 2 
(open bars) who experienced nausea at 1, 4, and 24 h after recovery 
from surgery. 


experienced nausea 1 h after recovery from surgery (P < 
0.05). Most patients described their nausea as mild in nature. 

The use of the buccal route of administration avoids 
first-pass metabolism by the liver and low oral bioavailabil- 
ity when drugs such as prochlorperazine are used (3). It is 
acceptable to patients as it avoids an intramuscular injec- 
tion and the hazards associated with the intravenous route 
of administration. We were also able to demonstrate an 
antiemetic effect at lower doses than traditional intramus- 
cular regimens. As a result of this work we suggest that 
buccal prochlorperazine may be useful in preventing post- 
operative sickness and may offer an advantage over more 
traditional routes of administration. 


K. W. Patterson, FFARCSI 

P. W. Keane, FFARCSI, FFARCS 
Department of Anaesthesia 
University College Hospital 
Galway, Ireland 
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Rate of Injection of Propofol for 
Induction of Anesthesia 


To the Editor: 


Stokes and Hutton (1) seem surprised that anesthesia was 
induced more slowly but at a smaller dose by slower infusions 
of propofol. As Kay (2) pointed out in a letter about the 
relative potencies of propofol and thiopental, the interdepen- 
dence of induction time and induction dose can be worked 
out from first principles. Crawford (3) worked out this inter- 
dependence theoretically, for thiopental, and wrote ”. . . the 
time taken over the injection is, under most clinical circum- 
stances, of greater importance than is the volume... .” 
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The relation described by Stokes and Hutton and several 
previous workers (4,5) between rate of infusion and “‘in- 
duction dose” is incomplete. Their induction dose is the 
dose that has been infused by the time the patient is 
anesthetized, at the “moment” of induction, and it has 
three components. The first is the notional dose that would 
be required to bring the concentration of propofol instan- 
taneously to the notional “anesthetic” concentration in the 
appropriate part or parts of the brain (if this could be done); 
this is smaller than any real dose because, in reality, raising 
the concentration does take an appreciable time even with 
the fastest possible injection. The second component is the 
amount of drug redistributed from the brain to other parts 
of the body and the amount cleared by metabolism and 
excretion during the time taken to reach the anesthetic 
concentration. The third component is the amount in 
transit from site of injection to site of action, which is 
simply the product of the milligram infusion rate and the 
transit time. The first component, the notional minimum 
dose, has (by definition) no dependence on time nor, 
consequently, on infusion rate; the second component 
increases with decreasing infusion rate; and the third 
component decreases with decreasing infusion rate. 

Thus, in practice, the complete relation between induc- 
tion dose and infusion rate is not monotonic (3). With the 
fastest possible rates of infusion, the induction time is 
minimized and the influence of redistribution and clearance 
is minimal. The dominant component of the induction dose 
is the drug in transit, which decreases with decreasing 
infusion rate. However, as the infusion rate slows and the 
time to reach anesthetic concentration increases, the com- 
ponent due to redistribution and clearance becomes more 
important and, when it dominates, the overall induction 
dose increases with decreasing infusion. A limit is reached 
when the rate of infusion is the quotient of the anesthetic 
concentration and the clearance of the drug, so that the 
amount of drug infused eventually equals the amount 
cleared and the resulting steady-state concentration is just 
anesthetic. This theoretically takes infinite time, and the 
dose is therefore infinite. At still lower rates of infusion, the 
steady-state concentration is only “sedative” and induction 
of anesthesia never occurs. 

If one assumes a plausible transit time of about half a 
minute and subtracts the amount of drug in transit from the 
induction doses reported by Stokes and Hutton (1) and in 
the two earlier studies (4,5), the differences between the 
doses at the fastest and slowest rates of infusion are much 
less, and may even be reversed, in agreement with the 
predictions of Crawford (3) (Table 1). At more nearly 1 mg/kg, 
they are similar to the loading dose used by Roberts and 
coworkers (6) in their attempts to produce anesthesia with a 
square-wave ECs plasma concentration of propofol. 

As Stokes and Hutton correctly point out, it can be 
difficult to compare studies and to establish true relative 
potencies if we are unclear about the meaning of the term 
“induction dose.” Interpretation of reports of induction 
doses and their effects on the circulation and the breathing 
is not helped by inconsistent methodology in which some- 
times, sadly but understandably, variety has been a substi- 


tute for originality. 
Crawford showed 25 yr ago the importance of the rate of 
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Table 1. Induction Doses of Propofol* 
Residual dose (mg) 


INGUCHON: <22 a a 
Dose rate Induction dose At assumed transit time of 
(mg/min) time (s) (mg) 20 s 30 s 35 s 
Stokes and Hutton 

50 123 101 83 75 71 
100 92 147 114 97 89 
200 62 197 130 98 80 
Peacock et al. 

50 103 87 70 61 58 
100 68 112 80 63 56 
200 51 168 103 70 54 
Venn et al. 

60 113 HS 93 83 78 
120 69 : 138 98 78 68 
240 46 184 104 64 44 


“The results from three studies in which propofol was injected until 


anesthesia was induced. Stokes and Hutton (1) and Peacock and coworkers 
(4): infusion at 50, 100, or 200 mg/min until loss of verbal contact; Venn and 
coworkers (5): 5, 10, or 20 mg every 5 s until drop of syringe. Induction dose 
was calculated by multiplying reported mean milligrams per kilogram by 
reported mean weight. Residual dose was calculated by subtracting the 
calculated amount in transit from the induction dose. 


injection; to use Stokes and Hutton’s words, it must be 
“accurately specified.” Stokes and Hutton specified 
2 mg/kg “by manual injection over 20 s” for the patients in 
their group 4—but is this specified accurately enough? In a 
previous study from the same group (7), there was a 
coefficient of variability of about 16% for their deliberate 
attempts to inject propofol at a constant rate of 1 mL/s. If 
this is generally applicable, a nominal 20 mL will be 
delivered in anything between 15 and 30 s, and that is 
without considering the constancy of the rate of injection. If 
the injection is not formally controlled or timed, there is a 
further uncertainty about how accurately anesthetists esti- 
mate the rate at which they inject their induction agents. 
Our unpublished observations are that they tend to under- 
estimate, and can do so by a factor of almost 2. 

Now that we have accurate infusion pumps, we should 
probably abandon manual injection of rapidly acting drugs 
whose effects we wish to describe and compare in clinical 
studies. 


Neville W. Goodman, DPhil, FCAnaes 
University Department of Anaesthesia 
Southmead Hospital 

Bristol, BS10 5NB, United Kingdom 


Andrew M. S. Black, DPhil, FFARACS 
University Department of Anaesthesia 
Bristol Royal Infirmary 

Bristol, BS2 8HW, United Kingdom 
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Dr. Stokes failed to reply to this letter. 


Jacoby’s Line Rather Than Tuffier’s 
Line as a Guide to Lumbar Puncture 


To the Editor: 


Tuffier’s line (1) (an imaginary line drawn between the 
uppermost iliac crests and believed to mark the 4-5 lumbar 
interspace) has been a guide for lumbar puncture and his 
name has appeared in standard anesthesia textbooks (2,3) 
but not in neurology, neurosurgery, and orthopedic text- 
books. This line has been known in Japan as Jacoby’s line 
for more than several decades. However, prominent anes- 
thesiologists in the United States and Europe, and anesthe- 
siologists and surgeons in Japan, have not known about 
Jacoby when asked. Thus we queried The Japan Medical 
Journal about Jacoby in 1983 (4). Professor Matsuki, Depart- 
ment of Anesthesiology, Hirosaki University, Japan, then 
researched this issue and finally found Jacoby’s name, 
curriculum vitae, and bibliography. According to Who’s 
Who in America 1943, Dr. Jacoby was a graduate of New 
York University and Bellevue Hospital Medical College and 
then Professor of Neurology and Psychiatry at Women’s 
Medical College of New York (1895-1900). He described the 
guide for lumbar puncture in 1895 (5), 5 yr before Tuffier. 
This was recently reviewed by Vandam (6,7). 

Based on the historical record, we suggest that Jacoby’s 
name be used as the guide for lumbar puncture rather than 
Tuffier’s. 


Yukio Kubota, MD 

Yoshiro Toyoda, MD 
Hiroshi Kubota, MD 
Department of Anesthesia 

Osaka Kohseinenkin Hospital 
4-2-78, Fukushima, Fukushima-Ku 
Osaka, 553, Japan 
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Norig Ellison 


Book Reviews 


Manual of Obstetric Anesthesia, 2nd Edition 


G. W. Ostheimer, ed. New York: Churchill-Livingstone, 
1992, 468 pp, $55.00. 


The second edition of Ostheimer’s Manual of Obstetric 
Anesthesia is misnamed. According to Webster's Ninth New 
Collegiate Dictionary, a manual is a “book that is conve- 
niently handled” (1). The first edition was a manual. The 
expanded second edition is a textbook, too large and heavy 
to fit into a coat pocket. On a shelf or desk, where it 
belongs, however, it will be a useful addition to the library 
of any practitioner. Ostheimer has enlarged several sec- 
tions and added others, including more material on high 
risk patients, drug addiction, and acquired immunodefi- 
ciency syndrome. The book is comprehensive and provides 
a wealth of information. With this book alone, I believe a 
practitioner could find either the material or the references 
pertinent to any problem likely to arise in clinical practice. 

This edition follows the original scheme—individual 
sections comprised of chapters written by different authors. 
Despite the large number of contributors (69), the material 
is cohesive and reflects a common clinical approach, which 
is not surprising as all the authors worked at some time at 
the Boston Hospital for Women. 

Paradoxically, the large number of contributors also may 
be the source of the book’s major weakness, repetition. For 
example, both gastrointestinal and cardiovascular changes 
of pregnancy are described in at least three separate sec- 
tions. This approach was chosen so that the “reader would 
have all the necessary information on any particular subject 
gathered together in one place.” This scheme may be 
reasonable, but the result is disconcerting, particularly as, 
in some instances, facts varied from one chapter to the 
next. For example, the increase in cardiac output during 
pregnancy was said to be 20% (page 1), 10%-20% (page 35), 
or simply 10% (page 42), depending on chapter and author. 
Oddly enough, the chapter where this material would be 
most appropriate, the pregnant cardiac patient, contained 
virtually no material about the cardiovascular physiology 
changes of pregnancy, nor did it refer to pertinent material 
in other parts of the book. 

The organizational scheme also scatters information on 
labor epidurals. The reader must move among at least six 
chapters to assemble all the material. In fact, the discussion 
of the potential effects of epidural anesthesia on labor is 
only found at the end of the book in a section entitled 
‘Special Considerations,” despite the fact that this issue is 
central to the use of epidurals. 

Other areas of the textbook are extraneous. For example, 
much of the material regarding technique for performing an 
epidural anesthetic, treating a postspinal headache, anes- 
thetizing a patient with a bleeding disorder, or managing a 
failed intubation is general information not specific to 
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obstetric anesthesia. [t adds little to the reams of material 
that have been published elsewhere. Could not such ma- 
terial be abbreviated or simply cited with an appropriate 
reference? Similarly, is it necessary to include details about 
the management of obstetric problems that do not impinge 
on anesthetic management? The background information 
may be nice, but is it necessary, particularly in a book that 
purports to be a manual? 

Furthermore, considering the abundance of material in 
this edition, I was surprised to find any “sins of omission.” 
In an excellent discussion of the factors that influence 
transmission of drugs from mother to fetus, for example, I 
could not find a clear statement that limiting the infant’s 
exposure to drugs is a primary principle of obstetric anes- 
thesia care. Also, a chapter describing the factors in preg- 
nancy that increase maternal risks for anesthesia does not 
suggest what factors might influence when and how a 
clinician proceeds when risks must be taken. This issue is 
particularly important as obstetricians currently are exam- 
ining their criteria for diagnosis of fetal distress and emer- 
gency cesarean section. 

Though the scope of the book should make it useful for 
those who already have experience in obstetric anesthesia, 
this reviewer believes a student or inexperienced resident 
will find the book difficult because it does not identify 
issues or goals. For example, there is a thorough discussion 
of pain pathways of labor and the different methods avail- 
able for pain relief, but there is no discussion of consider- 
ations that might influence an anesthesiologist to recom- 
mend one method over another. This book may provide 
uninitiated readers with valuable information, but it will 
not help them develop the judgment necessary to use it. 

The book costs $55 in paperback. I was dismayed that 
several pages from the publisher's complimentary copy 
came loose from the binding before I finished reading the 
book for this review. 


Donald Caton, MD 
University of Florida College of Medicine 
Gainesville, Florida 
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Anesthesia and Perioperative Complications 

J. L. Benumof and L. J. Saidman, eds. St. Louis: Mosby 
Year Book, 1992, 694 pp, $99.00. 

This excellent book should be required reading for all 
anesthesiologists. It will aid them in providing optimal 
patient care and reducing perioperative morbidity and 
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mortality. The editors have done an outstanding job in 
making this multiauthored, fact-filled book very readable 
with minimal overlap. Though some chapters ‘are’ better 
than others, practically all are well worth reading. Each 
chapter starts out with an index of what will be discussed, 
followed by a brief overview of the subject. At the end of 
the chapter there is an exhaustive list of current references. 
The tables used in the book are good, but the illustrations 
could have been better. 

The volume is divided into three parts. The first part 
concerns complications associated with specific anesthetic 
events. Appropriately, the initial chapter refers to the 
airway. This well-done chapter covers many of the compli- 
cations, both common and uncommon, that anesthesiolo- 
gists need to be aware of if they are to take proper care of 
their patients. This chapter is very exhaustive, but it does 
not include complications related to the temperomandibu- 
lar joint. Other chapters in this section discuss periopera- 
tive nerve injury, equipment and monitoring failure, and 
complications with regional anesthesia and cardiovascular 
access. The chapter on complications of drugs used in 
anesthesia is outstanding and very current. 

The second section discusses complications from a sys- 
tems orientation. All the chapters are informative and well 
worth reading. This reviewer particularly liked the chapters 
on impaired central nervous system function, immunology, 
and blood transfusions. The final chapter in this section on 
injury to the anesthetist was very interesting and thought- 
provoking. 

The third part of the book examines the medicolegal and 
socioeconomic ramifications of anesthetic complications 
and makes the reader see the problems of anesthetic 
complications in a different light. This reviewer found the 
chapters on the spector of anesthetic risk and the cost of 
adverse outcome most interesting with the chapter on what 
to do if sued being must reading for all anesthesiologists 
who wish to understand our legal system. Perhaps the 
chapter on quality assurance could have been briefer. 

In conclusion, it is this reviewer's belief that this excel- 
lent book should be available to all anesthesia personnel 
and would be a welcome addition to any library. 


Steven Wolf, MD 
Sacred Heart Medical Center 
Spokane, Washington 


Pain Management of AIDS Patients. Volume 8 
in the Pain Management Series 


T. Janisse, ed. Boston: Kluwer Academic Publishers, 
1991, 121 pp, $135.00. 


It is imperative that anesthesiologists become familiar with 
the anesthetic and analgesic considerations for the HIV- 
positive or AIDS patient. As there have been no prospec- 
tive studies and only a few case reports and review articles 
published on the anesthetic and pain management consid- 
erations of AIDS patients; this book must be considered 
trailblazing. The authors have called upon their own clini- 
cal experience, insight, and review of mostly nonanesthesia 
literature to assimilate the material for this book. As such, 
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the book is surprisingly well referenced, and the authors 
humbly recognize that the present state of knowledge is 
somewhat lacking. 

The book is divided into six chapters, each with different 
authors, and a thorough index. The editor has done an 
excellent job of avoiding repetition, and each chapter could 
stand alone as a separate monograph. 

The first chapter, “Etiology, Pathogenesis, and Diagno- 
sis,” introduces the subject of HIV infection and focuses on 
the significant nervous system alterations as a foundation 
for discussions in the following chapters. As the author 
points out, “the earlier question of central nervous system 
involvement in AIDS is now moot, rapidly replaced with 
the knowledge that the CNS, if not primarily infected, is so 
shortly thereafter.” Neurologic complications of HIV are 
common and therefore present a major focus of concern for 
both the anesthetic and pain management of the AIDS 
patient. Abundant tables and figures complement the text. 

Chapter 2, ‘’Psychoneuroimmunology and AIDS,” re- 
views the research that forms the foundation for the field of 
psychoneuroimmunology, which studies the psychologic 
influences in immune function, psychosocial variables in 
disease and healing, experimental immune conditioning of 
animals, and biological mechanisms underlying these pro- 
cesses. Although well written for those who are interested, 
this chapter is perhaps too comprehensive in the context of 
this manuscript, with much of the chapter going well 
beyond the HIV-infected patient. 

Chapter 3, ““Anesthetic Management of AIDS Patients,” 
discusses general and regional anesthetic management for 
patients with HIV infection. The initial clinical presenta- 
tions and clinical associations of HIV infection pertinent to 
preoperative evaluation and anesthetic management are 
reviewed. In discussing general anesthetic management, 
the authors have created an invaluable comprehensive 
table listing the possible clinical problems and concerns in 
the order that an anesthesiologist may encounter them in 
providing general anesthesia to a HIV-positive patient, 
with the discussion expanding selected points in the table. 
The section on regional anesthetic management addresses 
three contraindications to spinal or epidural anesthesia and 
how they relate to the person with HIV infection: systemic 
or local infection, progressive neurologic disease, and co- 
agulation disorder. The authors have done an excellent job 
of relating studies performed in non-AIDS patients to 
pathophysiologic changes known to occur in the AIDS 
patient and how they might affect the conduct of regional 
anesthesia and pain management. Chapter 3 concludes 
with a discussion of safety considerations for health care 
workers who manage AIDS patients, ending with the 
assertion that “an anesthesiologist can effectively treat 
these unfortunate persons and run very low risk of acci- 
dentally acquiring their infection.” The information pre- 
sented in this chapter should be required reading for all 
anesthesiologists. With the inclusion of this superb chap- 
ter, a more appropriate title for this book might be Anes- 
thetic and Pain Management of AIDS Patients. 

Chapter 4 discusses “Management of the Parturient 
with AIDS.” Specific issues regarding the parturient with 
HIV infection include the effects of HIV infection on the 
course of pregnancy, the potential effects of pregnancy in 
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altering the course of HIV infection, the effect of HIV 
infection on the fetus, and the effects of any treatment the 
patient may be undergoing. The same issues pertaining to 
choice of anesthesia (regional versus general) presented in 
Chapter 3 are succinctly reiterated as they pertain to anal- 
gesia for labor and anesthesia for cesarean section. Obvious 
differences of opinion exist with respect to the possible use 
of regional anesthesia for both labor and operative proce- 
dures, with very little published data available to guide 
one’s clinical practice. The anesthetic management of the 
parturient with AIDS is complex and many questions are 
left unanswered. This chapter does not attempt to provide 
answers based on speculation, but rather clearly defines the 
questions that need to be addressed. 

Chapter 5 offers a comprehensive review of orofacial 
pain in AIDS patients. Orofacial disorders secondary to 
HIV infection are common and can be the initial presenta- 
tion of HIV infection. Awareness of the orofacial manifes- 
tations of AIDS is important because associated pain and 
anatomic and neurologic manifestations may complicate 
airway management. HIV transmission may potentially 
occur with oral or airway manipulation. This chapter goes 
beyond the scope of practicing anesthesiologists in provid- 
ing a body of information that would be useful for experi- 
enced chronic pain management specialists and dentists in 
the overall approach to treatment of AIDS patients. 

In Chapter 6, “Chronic Pain Syndromes in AIDS Pa- 
tients,” three chronic pain syndromes and their manage- 
ment are reviewed: Guillain-Barré syndrome, predomi- 
nantly sensory neuropathy, and herpes zoster. Current 
knowledge of the association of these chronic pain syn- 
dromes with HIV infection is largely based on observation. 
The author has freely integrated both knowledge and 


speculation concerning the association with HIV infection . 


into his discussion of the epidemiology, pathogenesis, 
clinical course, and treatment of these three chronic pain 
syndromes. 

Overall, Pain Management of AIDS Patients provides ex- 
ceptional insight into the anesthetic and pain management 


ANESTH ANALG 
1992;74:940-2 


of AIDS patients. Chapter 3, in particular, provides valu- 
able information that should be required reading for all 
anesthesiologists caring for AIDS patients. Unfortunately, 
the price of this relatively succinct book is obviously influ- 
enced by the anticipation of limited circulation and may 
significantly deter the dissemination of this material. 


Jeffrey A. Grass, MD 
Johns Hopkins Medical Institution 
Baltimore, Maryland 
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of, role of afferent neural input in, 
358 

solutions, dilute local anesthetics in 
(letter), 313 

spinal combined with, combined- 
spinal-epidural needle for (letter), 
169 

sufentanil, analgesic effects, clonidine 
and (abstract), $211 

sufentanil, cesarean section, 
respiratory effects, 677 

Takayasu’s disease and, 297 

unilateral, dorsal midline band and, 
294 

extubation 

esmolol effects on (abstract), 5102 

in laser fire, rubber versus plastic 
endotracheal tubes and (abstract), 
S300 

hypotensive 
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adenosine, intravenous, anesthetic 
activity (abstract), S103 
esmolol, beta receptor antagonism 
and (abstract), S64 
fenoldopam, cardiovascular function 
during, 72 
induction of, sodium nitroprusside 
and trimethaphan for (letter), 781 
sodium nitroprusside, cardiovascular 
function during, 72 
trimethaphan, sodium nitroprusside 
combined with (letter), 781 
whole-body oxygen delivery during 
(abstract), $182 
infiltration 
local, lidocaine, inguinal herniotomy, 
pre- and postincisional, 495 
interpleural block 
unilateral bronchospasm after, 291 
intravenous 
bretylium, reflex sympathetic 
dystrophy treatment with, 818 
ketorolac, regional block, reflex 
sympathetic dystrophy treatment 
with, 139 
lidocaine, reflex sympathetic 
dystrophy treatment with, 818 
premedication, dental outpatient 
surgery, efficacy and safety 
(abstract), S68 
propofol, sevoflurane with, induction, 
maintenance, recovery, isoflurane, 
nitrous oxide with, comparisons in, 
253 
regional 
axial plexus block, lidocaine, 
clonidine, epinephrine admixture 
and (abstract), S107 
brachial plexus block, axillary catheter 
used in, Horner’s syndrome 
associated with (letter), 311 
brachial plexus block, for reflex 
sympathetic dystrophy 
unresponsive to stellate ganglion 
block (abstract), S77 
brachial plexus block, interscalene, 
hemidiaphragmatic paresis during, 
pulmonary function and chest wall 
mechanics effects, 352 
brachial plexus block, mepivacaine, 
alkalinization of, 371 
bretylium, reflex sympathetic 
dystrophy treatment with, 818 
cesarean section, electrocardiographic 
changes during, 51 
iliac crest bone, local anesthetic 
perfusion at, 145 
intercostal block, postoperative pain, 
general anesthesia versus (abstract), 
S12 
interscalene block, digital pressure 
technique, sensory motor, 
diaphragm effects (abstract), $327 
intraarticular, bupivacaine, morphine, 


arthroscopy, postoperative pain 
relief, 822 

ketorolac, intravenous, reflex 
sympathetic dystrophy treatment 
with, 139 

lidocaine, reflex symapthetic 
dystrophy treatment with, 818 

nerve block, digital, applications of 
(letter), 931 

stellate ganglion block, reflex 
sympathetic dystrophy 
unresponsive to, brachial plexus 
block for (abstract), S77 

spinal 

alfentanil, intrathecal, liposome 
encapsulation effects (abstract), S23 

alteration of, by fentanyl, morphine 
(abstract), S3 

butorphanol, subarachnoid, dose- 
response (abstract), S117 

catheters, post dural puncture 
headache and (abstract), $48 

cesarean section, maternal and fetal/ 
placental oxygen consumption and 
carbon dioxide production during 
(abstract), S287 

dural puncture headache, 
prophylaxis, saline, epidural bolus 
versus infusion (abstract), $319 

epidural combined with, combined- 
spinal-epidural needle for (letter), 
169 

field block before epidural analgesia 
for labor (abstract), $127 

Friedreich’s ataxia and (letter), 310 

heart rate variability effects (abstract), 
S365 

high, heart rate changes with (letter), 
774 

intrathecal, bupivacaine, 
antinociceptive interaction with 
morphine, spinal opioid receptor 
effects on, 726 

intrathecal, bupivacaine, cesarean 
section, uptake and distribution, 
epinephrine effects on, 664 

intrathecal, fentanyl, cesarean section, 
postoperative pain effects, 653 

intrathecal, lidocaine, postoperative 
pain relief, morphine and (abstract), 
S25 

intrathecal, morphine, antinociceptive 
interaction with bupivacaine, spinal 
opioid receptor effects on, 726 

intrathecal, morphine, cesarean 
section, uptake and distribution, 
epinephrine effects on 

intrathecal, morphine, dose-response 
relations (abstract), S362 

lumbar puncture, Jacoby’s line versus 
Tuffier’s line as guide to (letter), 939 

needles, spinal fluid return rate 
(abstract), S232 

pediatric, in newborn, bupivacaine 
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compared to tetracaine (abstract), 
S37 
pediatric, in newborn, tetracaine 
compared to bupivacaine (abstract), 
S37 
topical 
clonidine, noncardiac surgery, 
postoperative stress response effects 
(abstract), S85 
dermal patch, lidocaine gel, 
glycyrrhetinic acid 
monohemipthalate disodium and, 
venous cannulation pain reduction, 
535 
upper airway, local anesthetic 
pressurized bottles for (letter), 620 
Anesthetics, gases 
leakage 
laryngeal mask and (abstract), S101 
nitrous oxide 
analgesia, in labor (abstract), 5222 
intubation conditions after ORG 9426 
administration during (abstract), 
S240 
met?-enkephalin concentrations in rat 
brain corpus striatum effects 
(abstract), S294 
negative inotropic effect, in 
myocardium, transsarcolemmal Ca? 
entry effects, 575 
postoperative nausea and vomiting 
and (abstract), $311 
processed EEG using aperiodic 
analysis effects (abstract), S140 
propofol influence on cerebral blood 
flow velocity and carbon dioxide 
reactivity and (abstract), S87 
propofol with, alfentanil 
supplementation of, esmolol as 
alternative to (letter), 776 
thermoregulatory vasoconstriction 
threshold effects, propofol and 
(abstract), S142 
Anesthetics, intravenous 
dezocine 
subjective, behavioral, physiological 
responses to, 523 
droperidol 
renal function effects, during 
infrarenal aortic surgery, 481 
serotonin-induced bronchospasm, 
pulmonary hypertension, and 
intrapulmonary shut prevention by 
(letter), 316 
etomidate 
confusion with endrate, labeling and 
(letter), 472 
heart function and metabolism effects, 
ketamine, midazolam, propofol, 
thiopental comparisons with, 547 
flunitrazepam 
renal function effects, during 
infrarenal aortic surgery, 481 
hypnotic concentration 
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fentanyl and {abstract), S318 pretreatment effects on (abstract), pharmacokinetics, in children 
ketamine $305 (abstract), 5160 
bronchospasm during mechanical high dose, pharmacodynamics of postanesthetic cognitive and 


ventilation effects (abstract), $135 
calcium, magnesium brain tissue 
effects, following head trauma 
(abstract), $281 
cerebral blood flow during acute 
hypoxia effects (abstract), 5128 
cerebral glucose utilization changes, 
PET scan measurement of (abstract), 
9344 
heart function and metabolism effects, 
etomidate, midazolam, propofol, 
thiopental comparisons with, 547 
high concentrations, relaxant effects 
on endothelin-constricted coronary 
arteries, 378 
intracellular calcium transient in 
ventricular myocardium effects 
(abstract), 5169 
left ventricular diastolic function 
effects (abstract), $230 
myocardial contractility effects 
(abstract), $231 , 
pediatric, cardiac catheterization, 
hemodynamic responses and 
recovery time, propofol compared 
to, 490 
methohexital 
electroconvulsive therapy efficacy 
effects (abstract), $192 
pediatric, CPK level effects (abstract), 
965 
midazolam 
pediatric, cardiac catheterization, 
hemodynamic responses and 
recovery time, 490 
pentobarbital 
negative inotropic effects, in diabetic 
rat papillary muscles, 97 
propofol 
analgesic properties (abstract), $78 
antiemetic properties (abstract), 533 
Candida albicans growth in, 
thiopental compared to (abstract), 
5302 
carbon dioxide reactivity effects, 
nitrous oxide and (abstract), S87 
cerebral blood flow effects, nitrous 
oxide and (abstract), 587 
cortisol response to stress effects 
(abstract), $223 
electroconvulsive therapy efficacy 
effects (abstract), 5192 
electromechanical effects on cardiac 
muscle (abstract), $161 
emulsion, 1 and 2%, comparisons, in 
neurosurgical patient (abstract), 
9329 
heart function and metabolism effects, 
etomidate, ketamine, midazolam, 
thiopental comparisons with, 547 
hemodynamic effects, capsaicin 


(abstract), $143 

high dose, relaxant effects on 
endothelin-constricted coronary 
arteries, 378 

hypotension induced by, venodilation 
and, 877 

induction, rate of injection and 
(letter), 938 

induction and recovery characteristics, 
midazolam effects on (abstract), S63 

isoflurane, nitrous oxide with, 
induction, maintenance, recovery, 
sevoflurane-nitrous oxide 
comparison with, 253 

left ventricular diastolic function 
effects (abstract), 5230 

malignant hyperthermia and (letter), 
318 

myocardial contractile effects, 
evaluation of (letter), 165 

myocardial contractility and function 
effects (abstract), S14 

myocardial contractility effects, 395 

newborn nutritive sucking behavior 
effects (abstract), $121 

nitrous oxide with, alfentanil 
supplementation, esmolol as 
alternative to (letter), 776 

outpatient, prolonged PACU stay 
effects (abstract), $291 

pain associated with, hand, 
tourniquet, lidocaine effects on, 250 

pain associated with, reduction of 
(letter), 315 

pain associated with, vein, lidocaine 
effects on, 246 

patient-controlled sedation, local 
anesthesia and (abstract), $110 

pediatric, cardiac catheterization, 
hemodynamic responses and 
recovery time, ketamine compared 
to, 490 

pediatric, for computed tomography 
scans (abstract), 536 

pediatric, infants, rapid anesthesia 
induction, thiopental compared to 
(abstract), 5132 

pediatric, postoperative hypoxia, 
halothane compared to (abstract), 
$342 

pediatric, strabismus surgery, 
vomiting and (abstract), S131 

pediatric, tolerance to, radiation 
therapy and (abstract), 5278 

pediatric, total anesthesia outside 
operating room, 609 

pharmacokinetic modeling and 
(letter), 317 

pharmacokinetics, evaluation, by 
computer simulation (abstract), 5338 


psychomotoric function and 
(abstract), 5272 
pupillary light reflex effects (abstract), 
521 
rapid intubation, thiopental, 
succinylcholine, timing technique 
with atracurium versus (abstract), 
S206 
sevoflurane, nitrous oxide with, 
induction, maintenance, recovery, 
sevoflurane-nitrous oxide 
comparison with, 253 
subhypnotic doses, antiemetic 
+ properties, 539 
syringe pumps, loading port method 
for, contamination and (letter), 777 
thermoregulatory vasoconstriction 
threshold effects, nitrous oxide and 
(abstract), S142 
secobarbital 
negative inotropic effects, in diabetic 
rat papillary muscles, 97 
thiamylal 
hepatic circulation, oxygen 
metabolism effects, during hypoxia, 
halothane and (abstract), $214 
negative inotropic effects, in diabetic 
rat papillary muscles, 97 
thiopental 
Candida albicans growth in, propofol 
‘compared to (abstract), $302 
halothane MAC reduction by, 542 
heart function and metabolism effects, 
etomidate, ketamine, midazolam, 
propofol comparisons with, 547 
hemodynamic responses to intubation 
effects (abstract), 5358 
high concentrations, relaxant effects 
on endothelin-constricted coronary 
arteries, 378 
hypnotic requirements, 
metoclopramide effects on 
(abstract), 5205 
hypotension induced by, venodilation 
and, 877 
induction, rate of injection and 
(letter), 938 
myocardial contractile effects, 
evaluation of (letter), 165 
myocardial contractility effects, 395 
negative inotropic effects, in diabetic 
rat papillary muscles, 97 
newborn nutritive sucking behavior 
effects (abstract), $121 
pediatric, for CT/MRI (abstract), 5304 
pediatric, infants, rapid anesthesia 
induction, propofol compared to 
(abstract), 5132 
rapid intubation, propofol, 
succinylcholine, timing technique 
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with atracurium versus (abstract), 
S206 
upper esophageal sphincter pressure 
effects (abstract), S332 
Anesthetics, local 
amines 
tertiary, sciatic nerve conduction 
effects, 499 
bupivacaine 
epidural, blood rheology effects, 835 
epidural, continuous, erythromelalgia 
treatment with, in adolescent, 142 
epidural, fetal heart rate effects, 
fentanyl, sufentanil and (abstract), 
5193 
epidural, labor, fentanyl-epinephrine 
with, versus sufentanil with and 
without epinephrine with (abstract), 
247 
epidural, low-dose, morphine with, 
abdominal surgery, effects at rest 
and mobilization, 362 
epidural, PCA analgesia, fentanyl- 
epinephrine with, versus sufentanil- 
epinephrine with (abstract), 546 
epidural, postoperative pain relief, 
piroxicam as adjunct to, 366 
epidural, pruritus caused by, 
nalbuphine effects on (abstract), 
$219 
glycerin and, epidural analgesia 
prolongation effects (abstract), S165 
high dose, cardiac electrophysiologic 
and hemodynamic effects, 
clonidine, dobutamine effects on, 
703 
iliac crest donor site perfusion, 145 
intraarticular, arthroscopic knee 
surgery, 822 
intracellular action, myocardial 
depression and, 698 
intrathecal, antinociceptive interaction 
with bupivacaine, spinal opioid 
receptor effects.on, 726 
intrathecal, cesarean section, uptake 
and distribution of, epinephrine 
effects on, 664 
myotoxicity (letter), 934 
pediatric, spinal, in newborn, 
tetracaine compared to (abstract), 
S37 
sciatic nerve conduction effects, 
phenol and, 499 
spinal, blood rheology effects, 835 
toxicity (abstract), $157 
toxicity, in rats, nimodipine reduction 
of, 851 
toxicity, myotoxicity (letter), 934 
uterine blood flow effects, in pregnant 
ewes, 62 
vials, single dose, contamination of, 
by repeated use in same patient 
(abstract), 5257 
cocaine 


blood levels, pseudocholinesterase 
inhibition effects on (abstract), $159 
ecgonine methylester, 
benzoylecgonine, blood levels, 
pseudocholinesterase inhibition 
effects on (abstract), $159 
toxicity, pseudocholinesterase, hepatic 
microsomal enzyme inhibition and 
(abstract), 5158 
toxicity (abstract), S157 
dilute 
in epidural analgesic solutions (letter), 
313 
EMLA 
shock-wave lithotripsy, analgesic 
efficacy during (abstract), $213 
eutectic mixture of, efficacy in 
venipuncture (abstract), $82 
lidocaine 
allodynialike symptoms in ischemic 
spinal cord injury effects, 649 
atracurium residual neuromuscular 
block effects (abstract), 5171 
axillary plexus block, clonidine, 
epinephrine admixture and 
(abstract), S107 
C-fiber effects, clonidine and, 719 
C-fiber effects, clonidine and, after 
hyperpolarization, (abstract), $106 
cesarean section, fentanyl, morphine 
efficacy and, 658 
epidural, lipid vehicle and (abstract), 
5119 
epidural, prolongation of, by liposome 
encapsulation of, 827 
gel, topical, dermal patch, 
glycyrrhetinic acid 
monohemiphthalate disodium and, 
venous cannulation pain reduction, 
535 
inguinal herniotomy, local, lidocaine, 
postoperative pain, pre- and 
postincisional, 495 
intracellular action, myocardial 
depression and, 698 
propofol-induced pain effects, 246, 250 
reflex sympathetic dystrophy effects, 
818 
seizures threshold, pregnancy and, 57 
spinal, intrathecal, postoperative pain 
relief, morphine and (abstract), $25 
topical, myringotomy tube placement, 
postoperative analgesia (abstract), 
S176 
toxicity (abstract), $157 
mepivacaine 
alkalinization of, for axillary block, 371 
mexiletine 
allodynialike symptoms in ischemic 
spinal cord injury effects, 649 
patient-controlled sedation and 
(abstract), S110 
phenol 
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sciatic nerve conduction effects, 
bupivacaine and, 499 
procaine 
epidural, lipid vehicle and (abstract), 
5119 
ropivacaine 
uterine blood flow effects, in pregnant 
ewes, 62 
tetracaine 
epidural, lipid vehicle and (abstract), 
S119 
pediatric, spinal, in newborn, 
bupivacaine compared to (abstract), 
S37 
topical 
capsaicin, trigeminal neuralgia pain 
effects, 375 
clonidine, heart rate effects (abstract), 
S86 
lidocaine, myringotomy tube 
placement, postoperative analgesia 
(abstract), 5176 
upper airway, pressurized bottle for 
(letter), 620 
Anesthetics, aral 
clonidine 
heart rate effects (abstract), 586 
Anesthetics, volatile 
desflurane 
hepatic or renal injury and, 570 
periphera. vascular surgery, safety 
and effizacy of (abstract), 584 
diastolic function effects, 
echocardiography of (abstract), S360 
diethylether 
requirements, staurosporine effects on 
(abstract), $96 
enflurane 
baroreflex evoked coronary 
vasodilation effects (abstract), S58 
calcium channel blocker binding to rat 
brain membranes depression by, 
758 : 
dose-dependent decrease in neuronal 
oscillations in auditory evoked 
potentials effects (abstract), $271 
hemodynamic resporise to, dose and 
(abstracx), $138 
inhibition of phasic responses to 
carbachol in guinea pig trachea, 89 
monosynaptic spinal reflex response 
effects, in neonatal rats (abstract), 
S324 
halothane 
acetylcholine-induced EDRG- 
dependent relaxation of rabbit aorta 
artery effects (abstract), S32 
binding, in rat brain synaptosomes, 
hydrostatic pressure effects on 
(abstract), S80 
calcium channel blocker binding to rat 
brain membranes depression by, 
758 
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calcium current impairment induced 
by, BAY K8644 inhibition of, 865 

cardiac function effects, after 
hypoperfusion, 384 

cerebral artery-induced vasodilation, 
cyclic GMP formation and 
(abstract), S91 

contracture test, skeletal muscle 
sensitivity to, malignant 
hyperthermia and, 105 

corticomotor and somatosensory 
evoked potentials effects, 643 

differential sensitivity to, of 
genioglossus, intercostals, and 
diaphragm, in kittens, 338 

electrophysiological properties and 
cyclic AMP content of heart effects, 
564 

fluoride level effects, prolonged 
anesthesia and, isoflurane 
compared to, 236 

hepatic circulation, oxygen 
metabolism effects, during hypoxia, 
thiamylal and (abstract), S214 

hepatitis related to, 28 years after 
primary exposure, 605 

hepatotoxicity (abstract), S194 

inhibition of phasic responses to 
carbachol in guinea pig trachea, 89 

intravenous, liquid, pulmonary edema 
after, 747 

MAC, head injury effects on 
(abstract), S282 

MAC, reduction, dose dependent, 
N-methyl-p-aspartate receptor 
agonist and (abstract), S234 

MAC, thiopental reduction of, 542 

masseter muscle rigidity effects 
(abstract), S163 

monosynaptic spinal reflex response 
effects, in neonatal rats (abstract), 
S324 

myocardial calcium current 
depression, calcium channel agonist 
effect on (abstract), S18 

pediatric, atropine during, myocardial 
contractility effects (abstract), 5139 

pediatric, CPK level effects (abstract), 
S65 

pediatric, postoperative hypoxia, 
propofol compared to (abstract), 
S342 

renal function effects, during 
infrarenal aortic surgery, 481 

requirements, staurosporine effects on 
(abstract), S96 

shivering upon emergence from, 
dexmedetomidine effects on 
(abstract), S264 

subanesthetic concentrations, 
hepatotoxicity, 559 

threshold of pacing-induced ischemia 
effects, 14 

vasodilation, in normotensive and 


hypertensive rat aorta (abstract), 
S315 
halothane, hemodynamic depression, in 
neonates and infants, versus 
isoflurane, 329 
isoflurane 

acetylcholine-induced EDRG- 
dependent relaxation of rabbit aorta 
artery effects (abstract), S32 

calcium channel blocker binding to rat 
brain membranes depression by, 
758 

coronary artery bypass surgery, 
sympathetic-endocrine responses to 
noxious stimuli suppression 
(abstract), 5198 

coronary circulation effects (abstract), 
S60 

defibrillation threshold effects 
(abstract), S70 

depth, pupillary and hemodynamic 
responses to painful stimulation 
and (abstract), $173 

dose-dependent decrease in neuronal 
oscillations in auditory evoked 
potentials effects (abstract), 5271 

epinephrine dysrhythmic threshold 
and, sevoflurane compared to 
(abstract), S42 

fluoride level effects, hepatic and 
renal function effects, 231 

fluoride level effects, prolonged 
anesthesia and, halothane 
compared to, 236 

heart rate and recovery effects, 
sevoflurane compared to, 241 

hemodynamic changes with incision 
during, EEG prediction of (abstract), 
S187 

hemodynamic response to, dose and 
(abstract), S138 

hypotension induced by, myocardial 
blood flow or oxygen delivery 
during, phenylephrine and, 870 

immune function and outcome after 
(abstract), 5178 

MAC, hemodilution with stroma-free 
hemoglobin effects (abstract), S51 

monosynaptic spinal reflex response 
effects, in neonatal rats (abstract), 
S324 

pediatric, CPK level effects (abstract), 
S65 

pediatric, systolic function effects 
(abstract), S59 

propofol, nitrous oxide with, 
induction, maintenance, recovery, 
sevoflurane-nitrous oxide compared 
to, 253 

renal function effects, during 
infrarenal aortic surgery, 481 

systemic and regional hemodynamics 
of, in rats, 79 
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threshold of pacing-induced ischemia 
effects, 14 
isoflurane, hemodynamic depression, in 
neonates and infants, halothane 
versus, 329 
pharmacokinetics 
age factors in (abstract), S309 
sensitivity to 
in C. elegans, DNA sequence of genes 
controlling (abstract), S275 
sevoflurane 
biotransformation, fluoride level 
effects, hepatic and renal function 
effects, 231 
diaphragmatic contractility effects, 739 
epinephrine dysrhythmic threshold 
and, isoflurane compared to 
(abstract), S42 
heart rate and recovery effects, 
isoflurane compared to, 241 
malignant hyperthermia and, 616 
monosynaptic spinal reflex response 
effects, in neonatal rats (abstract), 
$324 
nitrous oxide with, induction, 
maintenance, and recovery, 
propofol-isoflurane-nitrous oxide 
compared to, 253 
pediatric, plasma inorganic fluoride 
concentration and (abstract), $185 
prolonged inhalation, serum and 
urinary inorganic fluoride 
concentrations after, 753 
propofol, nitrous oxide with, 
induction, maintenance, recovery, 
propofol-isoflurane-nitrous oixide 
compared to, 253 
systemic and regional hemodynamics 
of, in rats, 79 
Angioedema, see Complications 
Angioplasty, see Heart 
Angiotensin, see Polypeptides 
Angiotensin-converting enzyme 
inhibitors, see Sympathetic nervous 
system, pharmacology 
Anoxia, see Hypoxia 
Antagonists, miscellaneous 
allopurinol 
oxygen radical reduction and 
reperfusion arrhythmia effects 
(abstract), S363 
N-methyl-p-aspartate receptor 
halothane dose-dependent MAC 
reduction and (abstract), 5234 
Antagonists, narcotic 
benzodiazepines 
flumazenil, emergence from (abstract), 
$241 
naloxone 
antinociceptive interactions between 
intrathecal morphine and 
bupivacaine effects, 726 
naltrexone 
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morphine side effects prevention, in 
cesarean section (abstract), $74 
Antagonists, neuromuscular relaxants 
edrophonium 
response to atracurium effects 
(abstract), 5289 
neostigmine 
dose-response relationship, age 
factors and, 845 
response to atracurium effects 
(abstract), S289 
Antibiotics 
administration 
anesthesiologist training in (letter), 
619 
Antidiuretic hormone, see Hormones, 
antidiuretic 
Antidiuretics, see Kidney 
Antiemetics, see Vomiting 
Antinociception 
see Pain 
see Sympathetic nervous system, 
pharmacology, clonidine 
Aorta, see Arteries 
Aortic coarctation, see Heart, congenital 
defects 
Apnea, see Complications 
Apple juice, see Metabolism, glucose 
Arterial blood pressure, see Blood 
pressure 
Arterial catheter, see Equipment, catheters 
Arteries 
aorta 
cross-clamping, blood pressure control 
during, urapidil for (abstract), $339 
cross-clamping, hemodynamic 
response to, angiotensin and 
adrenoceptors and (abstract), 5108 
infrarenal cross-clamping, 
hemodynamic responses to, in 
depressed myocardial function 
(abstract), 5288 
relaxation, acetylcholine induced, 
isoflurane, halothane effects on 
(abstract), $32 
thoracic, cross-clamping, esmolol or 
sodium nitroprusside in (abstract), 
5258 
thoracic, cross-clamping, pulmonary 
injury after ischemia-reperfusion 
and (abstract), 5220 
vasodilation, halothane (abstract), 
$315 
blood gases 
following lung transplantation 
(abstract), $95 
cerebral 
vasodilation, halothane-induced, 
cyclic GMP formation and 
(abstract), $91 
coronary 
endothelin-constricted, thiopental, 
ketamine, propofol relaxant effects 
on, 378 


reactivity, opioids effects on, 889 
spasm, acetylcholine-induced, opioids 
effects on, 889 
vasoconstriction, endothelin-induced, 
thiopental, ketamine, propofol 
relaxant effects on, 378 
elastance 
nicardipine effects on (abstract), 5226 
hepatic 
blood flow, in transplanted liver, 
factors influencing (abstract), S73 
Arteriovenous malformations, see 
Complications 
Arthroplasty, see Surgery, orthopedic 
Arthroscopy, see Surgery, orthopedic 
Aspartate, see Antagonists, miscellaneous, 
N-methyl-p-aspartate receptor 
Aspiration, see Complications 
Association of University 
Anesthesiologists, see 
Organizations 
Atipamezole, see Sympathetic nervous 
system, pharmacology 
Atracurium 
see Interactions (drug) 
see Neuromuscular relaxants 
Atria, see Heart 
Atrial septal defect, see Heart, congenital 
defects 
Atrioventricular node, see Heart 
Atropine, see Premedication 
Auditory evoked potentials, see Brain, 
evoked potentials 
Autonomic nervous system 
see Reflexes 
see Sympathetic nervous system 
Axial plexus block, see Anesthetic 
techniques, regional 


Back pain, see Pain, chronic low back 
BAY K8644, see Pharmacology, calcium 
channel blockers 
Behavior, see Psychological responses 
Benzodiazepines 
see Antagonists, narcotic 
see Hypnotics 
B-adrenergic receptor, see Sympathetic 
nervous system 
-adrenergic receptor antagonists, see 
Sympathetic nervous system 
Betamethasone, see Interactions (drug) 
Biliary tract, see Liver 
Biotransformation 
sevoflurane 
fluoride level effects, hepatic and 
renal function effects, 231 
Bleeding, see Hemorrhage 
Blood 
coagulation 
abnormalities, measurement of, 
thromboelastograph for (letter), 782 
activated clotting time, assay, 
heparinase in, 201 
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heparin, activated clotting time assay, 
201 

heparin, adequacy of, during 
cardiopulmonary bypass, 
measurement of (abstract), $341 

heparin, protamine and, thromboxane 
synthetase inhibitor, 
methylprednisolone effects on, 38 

heparin, response, prediction, in vitro 
test for (abstract), 5331 

heparin, subcutaneous, plasma 
concentration and coagulation 
parameters after (abstract), S307 

ketorolac effects, thrombelastograph 
evaluation (abstract), 5248, S249 

plasminogen activator, dextran 
enhancement of (abstract), S90 

preoperative laboratory screening 
(abstract), $10 

protamine, cardiorespiratory effects, 
thromboxane synthetase inhibitor, 
methylprednisolone effects on, 38 

protamine, igG titers and (abstract), 
5308 


erythropoietin 
recombinant human, use in Jehovah’s 
Witnesses (abstract), S167 
flow 
enflurane, isoflurane effects on, dose 
and (abstract), 5138 
isoflurane effects on, in rats, 79 
renal, contrast ultrasound assessment 
(abstract), S11 
sevoflurane effects on, in rats, 79 
hematocrit 
STAT-CRIT comparison with 
conventional, during 
cardiopulmonary bypass (abstract), 
$283 
hemodilution 
normovolemic, extreme, analysis, ST 
segment and (abstract), 5295 
with stroma-free hemoglobin, during 
cerebral ischemia, brain injury and 
(abstract), $50 
with stroma-free hemoglobin, during 
cerebral ischemia, cerebral blood 
flow effects (abstract), $262 
with stroma-free hemoglobin, 
isoflurane MAC effects (abstract), 
S51 
whole-body oxygen delivery during 
(abstract), $182 
hemodynamics 
aortic cross-clamping effects on, 
infrarenal, in myocardial function 
depression (abstract), S288 
changes, with incision, EEG 
prediction, during isoflurane 
anesthesia (abstract), S187 
compromise, in anemic dogs, pulse 
oximetry prediction of (abstract), 
297 


after endotracheal intubation using 
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succinylcholine versus vecuronium 
(abstract), 5263 
propofol effects on, capsaicin 
pretreatment and (abstract), S305 
pupillary responses to painful 
stimulation during isoflurane 
anesthesia and (abstract), $173 
response to intubation, thiopental 
effects on (abstract), $358 
tizanidine effects on (abstract), 5200 
Trendelenburg position effects on 
(abstract), $274 . 
urapidil effects on, in chronically 
instrumented dogs with coronary 
artery occlusion (abstract), S356 
warm cardiac irrigation effects on 
(abstract), 5189 
hemoglobin 
free polymerised, in hypovolemic 
shock, hydroxyethylstarch 
compared to (abstract), 534 
myocardial lactate flux effects on, in 
coronary bypass patients (abstract), 
S69 
saturation, recovery and (abstract), 
S156 
stroma-free, hemodilution with, 
during cerebral ischemia, blood 
flow effects (abstract), $262 
stroma-free, hemodilution with, 
during cerebral ischemia, brain 
injury and (abstract), 550 
stroma-free, hemodilution with, 
isoflurane MAC and (abstract), S51 
hemostasis 
autologous blood after 
cardiopulmonary bypass and 
(abstract), 5348 
loss 
after coronary artery bypass grafting, 
desmopressin effects on (abstract), 
$212 
lymphocytes 
B-adrenergic receptor system, 
desensitization, cardiac surgery 
and, 212 
platelets 
priming solution effects on, in 
cardiopulmonary bypass, 219 
theology 
bupivacaine effects on, epidural and 
spinal, 835 
viscosity 
bupivacaine effects on, epidural and 
spinal, 835 
volume 
IV preloading, cardiovascular support 
during epidural and general 
anesthesia and (abstract), $357 
Blood flow, see Individual organ 
Blood gases, see Arteries 
Blood pressure 
arterial 


monitoring, during magnetic. 
resonance imaging (letter), 315 
control 
during aortic cross-clamping, urapidil 
for (abstract), $339 
desmopressin acetate effects on 
(abstract), $147 
hypertension 
aortic, halothane vasodilation in 
(abstract), S315 
after cerebral ischemia, brain injury 
and edema effects (abstract), S49 
after coronary artery grafting, 
nicardipine, urapidil, sodium 
nitroprusside effects (abstract), $30 
after coronary artery revascularization 
surgery, nifedipine for, sodium 
nitroprusside compared to, 809 
hypotension 
autonomic reflex dysfunction in 
cardiac surgery patients and 
(abstract), 5174 
hemorrhagic, brain perfusion during, 
transcranial Doppler sonography of 
(abstract), 5347 
maternal, during cesarean section, 
phenylephrine for (abstract), 5367 
propofol-mediated, venodilation and, 
877 
hypovolemia 
myocardial contractility and function, 
propofol effects on (abstract), S14 
monitoring 
Finapres (letter), 936 
systolic 
measurement, pulse oximetry and, 
196 
Bone marrow harvesting, see Anesthesia, 
outpatient 
Book reviews 
Anesthesia and Perioperative 
Complications (Benumof JL, Saidman 
LJ) [Wolf], 940 
Atlas of the Difficult Airway (Norton 
ML, Brown ACD) (Wakefield ML], 
321 
Autologous Transfusion and 
Hemotherapy (Taswell HF, Pineda 
AA) [Dodge CP], 625 
Critical Care Practice (Hoyt JW, . 
Tonneson AS, Allen SJ) [Geer RT], 
320 
Critical Issues in Critical Care: Volume 
9, No. 2 of Anesthesiology Clinics of 
North America (Kvetan V, Gallagher 
TJ) [Marsh HM], 173 
Culture of Pain, The (Morris DB) 
[Waldman SD], 479 
Drug and Anesthetic Effects on 
Membrane Structure and Function 
(Aloia RC, Curtain CC, Gordon LM) 
[Eckenhoff RG], 624 - 
Drug Infusions in Anesthesiology 
(Fragen RJ) [Gauthier RL], 478 
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Effects of Anesthetics Upon Cerebral 
Circulation and Metabolism. 
Experimental and Clinical Studies, 
The (Madsen JB, Gold GE) [Sakabe T], 
479 

Manual of Obstetric Anesthesia, 2nd 
Edition (Ostheimer GW) [Caton D], 
940 

Manual of Pain Management (Warfield 
CA) [Gregg R], 174 

Neuroanesthesia: Handbook of Clinical 
and Physiologic Essentials (Newfield 
P, Cottrell JE) [Sperry RJ], 321 

Pain and Central Nervous System 
Disease. The Central Pain Syndromes 
(Casey KL) [Ferrante FM], 322 

Pain and Post Anesthesia Management: 
Volume 3, No. 1 of Critical Care 
Nursing Clinics of North America 
(Litwack K) [Riegler FX], 174 

Pain Management of AIDS Patients: 
Volume 8 in the Pain Management 
Series (Janisse T) [Grass JA], 941 

Perinatal Anesthesia and Critical Care 
(Diaz JH) [Cook DR], 784 

Pharmacology and Physiology in 
Anesthetic Practice (Stoelting RK) 
[Howie MB], 624 

Rational Basis for Anesthesia, A (Dal 
Santo G) [Adelstein LB, Garfield JM], 
478 

Recovery From Anesthesia: Volume 29, 
No. 2 of the International 
Anesthesiology Clinics (Lebowitz PW) 
[Pilch T], 173 

reviewer, reader’s response to (letter), 
312 

Thoracic Anesthesia (Kaplan JA) 
fHurford WE, Alfille PH], 784 

Vascular Anesthesia (Kaplan JA) [Reddy 
KS], 320 

Yearbook of Anesthesia, 1991 (Miller 
RD, Kirby RR, Ostheimer GW, Roizen 
MF) [Prevoznik SJ], 785 

Books received, 175, 322, 480, 626, 942 
Bougies 

see Equipment 

see Intubation, tracheal 
Brachial plexus block, see Anesthetic 

techniques, regional 

Bradyarrhythmias, see Heart, arrhythmias 
Bradycardia, see Heart, arrhythmias 
Brain 

autoregulation 

during hypothermic cardiopulmonary 
bypass in neonates and infants, 636 

blood flow 

alfentanil effects on (abstract), 5133 

in cerebral ischemia, hemodilution 
therapy with stroma-free 
hemoglobin effects on (abstract), 

. $262 
during hemorrhagic hypotension, 
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transcranial Doppler sonography 
indication of (abstract), $347 
during hypothermic cardiopulmonary 
bypass in neonates and infants, 636 
ketamine effects, during acute hypoxia 
(abstract), $128 
during low-flow hypothermic 
cardiopulmonary bypass (abstract), 
S267 
pediatric, balloon dilation angioplasty 
effects on (abstract), 527 
pediatric, transcatheter closure of 
atrial septal defect effects on 
(abstract), 528 
pediatric, umbrella occlusion of patent 
ductus arteriosus effects (abstract), 
$29 
propofol effects, nitrous oxide and 
(abstract), 87 
during recovery (abstract), 5186 
velocity patterns, during low flow 
cardiopulmonary bypass, hysteresis 
behavior and (abstract), S81 
cell membrane 
rat, calcium channel blocker binding 
to, halothane depression of, 758 
cerebral arteries 
vasodilation, halothane-induced, 
cyclic GMP formation and 
(abstract), $91 
dysfunction 
in elderly, after cardiac surgery 
(abstract), 5137 
enkephalin 
MET”, rat brain corpus striatum 
concentrations (abstract), $294 
evoked potentials 
auditory, mid-latency, during cardiac 
surgery (abstract), S269 
auditory, mid-latency, fentanyl dose- 
dependent effects (abstract), $273 
auditory, mid-latency, thiopentone 
effects on (abstract), 5270 
auditory, neuronal oscillations in, 
dose dependent decrease, 
enflurane, isoflurane and (abstract), 
S271. 
evoked responses 
auditory steady state, level of 
consciousness monitoring with 
(abstract), $336 
y-aminobutyric acid receptor 
barbiturate, benzodiazepine 
interaction at (abstract), S62 
ischemia 
hemodilution with stroma-free 
hemoglobin effects on (abstract), 
S50, S262 
hypertension after, injury and edema 
and (abstract), S49 
locus ceruleus 
G protein ribosylation in, 
dexmedetomidine action effects 
(abstract), $57 


neuronal oscillations 
in auditory evoked potentials, dose- 
dependent decrease in, enflurane, 
isoflurane and (abstract), $271 
nimodipine protective effects 
in hypothermic circulatory arrest 
(abstract), $199 
oxygen balance 
during cardiac surgery, monitoring of, 
630 


during cardiac surgery, monitoring of 
(editorial), 627 
seizure threshold 
lidocaine, pregnancy and, 57 
superior sagittal sinus 
pressure, volume load and airway 
pressure effects (abstract), S104 
synaptosomes 
halothane binding in, hydrostatic . 
pressure effects (abstract), 580 
trauma 
calcium and magnesium levels 
following, ketamine effects on 
(abstract), $281 
vasculature 
hysteresis behavior, cerebral blood 
flow velocity patterns during low- 
flow cardiopulmonary bypass and 
(abstract), 581 
Bretylium 
see Anesthetic techniques, intravenous 
see Sympathetic nervous system, 
pharmacology 
Bronchial obstruction, see Complications 
Bronchodilators, see Anesthetics, gases 
Bronchoscope, see Equipment 
Bronchoscopy, see Anesthetic techniques 


‘Bronchospasm 


see Complications 

see Lung 
Bupivacaine 

see Anesthetics, local 

see Pharmacokinetics 
Buprenorphine, see Analgesics 
Butorphanol 

see Analgesics 

see Anesthetic techniques, spinal 


C. elegans, see Anesthetics, volatile, 
sensitivity to 
C-fibers 
see Nerve 
see Sympathetic nervous system 
C-fos, see Genes 
Cable holder 
see Equipment, monitoring cable holder 
see Monitoring 
Caffeine, see Pharmacology 
Calcinosis, see Complications, tumoral 
calcinosis 
Calcium, see Ions 
Calcium channel blockers, see 
Pharmacology 
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Cancer 
see Pain 
see Pain, postoperative 
Candida albicans, see Toxicity, trace 
concentrations 
Cannulation, see Veins 
Capnography, see Measurement 
techniques, carbon dioxide 
Capsaicin 
see Anesthetics, local, topical 
see Premedication 
Carbachol, see Parasympathetic nervous 
system 
Carbon. dioxide 
production 
maternal and fetal/placental, during 
spinal anesthesia for cesarean 
section (abstract), 5287 
reactivity 
propofol effects on, nitrous oxide and 
(abstract), S87 
ventilatory response 
midazolam slow injection and, 260 
mirfentar-il dose response and 
(abstract), 5112 
Carboxyhemaglobin, see Gases, 
nonanesthetic 
Cardiac 
see Anesthesia, cardiovascular 
see Heart 
Cardiac output 
see Heart 
see Measurement techniques 
Cardiac surgery, see Surgery, 
cardiovascular 
Cardioprotection, see Heart 
Cardiopulmonary bypass 
see Anesthesia, cardiovascular 
see Surgery, cardiovascular 
Cardiovascular anesthesia, see Anesthesia 
Cardiovascular drugs 
see Heart 
see Premedication 
Cardiovascular support, see Anesthetic 
techniques, epidural 
Cardiovascular surgery, see Surgery 
Cataracts, see Surgery, ophthalmologic 
Catecholamines, see Sympathetic nervous 
system 
Catheter, see Equipment 
Catheterization, see Heart 
Causalgia, see Pain 
Cell membrane, see Brain 
Cerebrospinal fluid 
pressure 
monitoring, during liver 
transplantation (abstract), 541 
Cerebrovascular, see Brain, blood flow 
Cervical spine injury, see Complications 
Cesarean section, see Anesthesia, obstetric 
Charcot-Marie-Tooth disease, see 
Complications 
Cholecystectomy, see Surgery 
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Choledochoduodenal sphincter spasm, 
see Complications 
Cholinesterase, see Metabolism 
Circuits, anesthesia, see Equipment 
Circulation, see specific organ 
Circulatory arrest, see Anesthetic 
techniques 
Clinical trials, see Research 
Clonidine 
see Anesthetic techniques, epidural 
see Anesthetic techniques, oral 
see Anesthetic techniques, topical 
see Sympathetic nervous system, 
pharmacology 
Coagulation 
see Blood 
see Monitoring 
Cocaine ` l 
see Anesthetics, local . 
see Complications 
Cognitive function, see Recovery 
Colloid, see Fluid balance 
Complications 
adrenal suppression 
paraspinal depot corticosteroids and 
(letter), 773 
anemia 
hemodynamic compromise in, pulse 
oximetry prediction of (abstract), 


S297 
anesthetic 
prediction, in day surgical practice 
(abstract), S76 
angioedema 
intubation-associated, angiotensin- 
converting enzyme inhibitor- 
induced, 602 
apnea 


succinylcholine-induced, in newborn, 
plasma cholinesterase treatment of, 
137 
arteriovenous malformation 
pulmonary, hemothorax due to, in 
pregnancy, 613 
aspiration 
chewing gum (letter), 621 
gastric contents, ultrasound 
examination for, 683 
gastric pH and, omeprazole and 
ranitidine effects (abstract), 513 
bronchial obstruction 
by transesophageal echocardiography 
probe in pediatric cardiac patient, 
156 
bronchospasm 
unilateral, after interpleural analgesia, 
291 
catheterization, pulmonary artery, 154 
cervical spine injury 
airway management, Bullard 
laryngoscopy for (letter), 623 
light wand intubation for (letter), 622 
Charcot-Marie-Tooth disease, 305 
choledochoduodenal sphincter spasm 


opioid-induced, nalbuphine reversal 
of, 308 
cocaine behavioral sensitization, c-fos 
protein in rat striatum and (abstract), 
S75 
convulsions 
epidural catheter migration-related, 
454 
pediatric, Wada test in, anesthetic 
management of (letter), 621 
Crigler-Najjar syndrome 
anesthetic care in, 162 
Cushing’s syndrome 
paraspinal depot corticosteroids and 
(letter), 773 
cyanosis 
digital nerve block and (letter), 931 
diabetes mellitus 
, sensitivity of papillary muscles to 
negative inotropic effects of 
oxybarbiturates versus 
thiobarbiturates in, 97 
diagnosis 
radiology, spine injuries (letter), 935 
diaphragmatic paresis 
during interscalene brachial plexus 
block, pulmonary function and 
chest wall mechanics effects, 352 
endotracheal intubation, 276 
endotracheal tube air leak (letter), 474 
erythromelalgia 
continuous epidural infusion of 
bupivacaine and fentanyl for, in 
adolescent, 142 
Friedreich’s ataxia 
spinal anesthesia and (letter), 311 
guide-wire retention 
after right atrial catheter insertion, 303 
headache 
dural, prophylaxis, saline, epidural 
bolus versus infusion (abstract), 
5319 
epidural blood patch and, heart rate 
effects (letter), 619 
epidural blood patch and, infection 
and (abstract), S7 
normal saline prophylaxis, infection 
and (abstract), S7 
post dural puncture, indwelling spinal 
catheters and (abstract), 548 
from postoperative supraorbital 
neuralgia (letter), 934 
heart block 
during abdominal surgery, pediatric, 
766 
hemothorax 
due to pulmonary arteriovenous 
malformation in pregnancy, 613 
HIV 
testing, patient attitudes (abstract), 
S266 
hypotension 
angiotensin-converting enzyme 
inhibitors and, 805 
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Klippel-Trenaunay syndrome 
epidural anesthesia in (letter), 470 
neuralgia 
supraorbital, postoperative, 
bupivacaine-related, headache 
resulting from (letter), 934 
neurologic 
after cardiac surgery, age factors in 
(abstract), S310 
Noonan’s syndrome 
idiopathic hypertrophic subaortic 
stenosis with, 464 
obesity 
vecuronium pharmacokinetics and 
pharmacodynamics in, 515 
oliguria 
due to urine bag filter obstruction 
(letter), 318 
in postanesthesia care unit, 503 
pruritus 
caused by bupivacaine-fentanyl, 
nalbuphine effects on (abstract), 5219 
radiation therapy 
pediatric, tolerance to propofol and 
(abstract), S278 
rhabdomyosarcoma, of tongue (letter), 
930 
self-extubation 
on Multi-Trauma Unit (abstract), 572 
shivering 
after arthroscopy, warming covers 
effects on (abstract), $298 
after halothane anesthesia, 
dexmedetomidine effects on 
(abstract), S264 
small bowel obstruction 
retained esophageal stethoscope and, 
300 


sore throat 
after endotracheal intubation, 897 
sphincter of Oddi spasm, opioid- 
induced, nalbuphine reversal of, 308 
stenosis, idiopathic hypertrophic 
subaortic 
with Noonan’s syndrome, 464 
stress response 
cortisol, propofol effects on (abstract), 
$223 
of hypathalo-pituitary-adreno axis, 
cytokine production stimulation and 
(abstract), 5216 
topical clonidine effects on (abstract), 
S85 
syncope 
vasovagal, venous cannulation and, 
patient position effects on (abstract), 
$244 
Takayasu’s disease 
epidural anesthesia and, 297 
teratoma 
sacrococcygeal, as venous shunt 
(letter), 165 
trapped epidural catheter, dislodging of 
(letter), 933 
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trauma 
head, calcium and magnesium levels 
following, ketamine effects on 
(abstract), S281 
head, Doppler ultrasound in, 
transcranial (abstract), 5197 
head, halothane MAC effects 
(abstract), $282 
respiratory insufficiency related to 
(editorial), 787 
spinal, radiology of (letter), 935 
tumoral calcinosis 
difficult endotracheal intubation in, 
159 
Computers 
assisted validation of observer-recorded 
data in patients receiving intravenous 
sedation (abstract), $359 
cardiovascular and anesthetic drugs 
interaction and (abstract), 5172 
propofol pharmacokinetics evaluation by 
(abstract), 5338 
record keepers (abstract), 579 
vecuronium continuous infusion and, 
pharmacokinetic parameters from 
(abstract), 588 
Congenital defects, see Individual organ 
Consciousness, see Memory 
Contamination 
see Infection 
see Toxicity, trace concentrations 
Continuous positive pressure breathing, 
see Ventilation 
Contractility 
see Heart 
see Muscle, skeletal 
Convulsions, see Complications 
Coronary arteries, see Arteries 
Coronary artery bypass, see Anesthesia, 
cardiovascular 
Coronary. artery disease, see Heart 
Coronary occlusion, see Heart 
Corticosteroid hormones, see Hormones 
Cortisol, see Hormones 
Craniotomy, see Surgery, neurologic 
Cricoid pressure, see Larynx 
Cross-reference index, see Publications 
Cuffs, endotracheal, see Equipment 
Cushing’s syndrome, see Complications 
Cyanosis, see Complications 
Cyclic AMP 
see Hormones 
see Metabolism, nucleotides 
Cyclic GMP, see Metabolism, nucleotides 
Cyclosporine, see Immune response, 
suppression 
Cytokine, see Hormones 


Datex neuromuscular transmission 
monitor 
see Monitoring 
see Neuromuscular transmission, 
measurement 
Defibrillation, see Heart 


Dental, see Anesthesia 
Depth, anesthetic, see Individual 
anesthetic 
Dermal patch, see Anesthetic techniques, 
topical 
Desfturane, see Anesthetics, volatile 
Desmopressin 
see Hormones, antidiuretic, 
desmopressin acetate 
see Kidney, antidiuretics 
Dexmedetomidine, see Sympathetic 
nervous system, pharmacology 


Dextrose, see Fluid balance 
Dezocine, see Analgesics 
Diabetes mellitus 
see Complications 
see Metabolism 
Diagnostic anesthesia, see Anesthesia 
Diamorphine 
see Analgesics 
see Anesthetic techniques, epidural 
Diaphragm, see Muscle, skeletal 
Diaphragmatic paresis, see Complications 
Diastolic function, see Heart 
Diazepam 
see Hypnotics, benzodiazepines 
see Premedication 
Dichloroacetate, see Acid-base equilibrium 
Diethylether, see Anesthetics, volatile 
Digital nerve block, see Anesthetic 
techniques, regional, nerve block 
Digital pressure, see Anesthetic _ 
techniques, regional, interscalene 
block 
3,4-Dihydroxyphenylglycol, see 
Sympathetic nervous system, 
catecholamines, norepinephrine 
Diuresis, see Kidney 
DNA, see Metabolism 
Do-not-resuscitate orders 
see Ethics 
_ see Operating room 
Dopamine, see Sympathetic nervous 
system, pharmacology 
Doppler ultrasound, see Measurement 
techniques, ultrasound 
Dorsal midline band, see Anatomy, 
epidural space 
Doxacurium, see Neuromuscular relaxants 
Droperidol 
see Anesthetics, intravenous 
see Vomiting, antiemetics 
Dural puncture, see Anesthetic 
techniques, spinal 
Dystrophy, see Sympathetic nervous 
system 


Echocardiography, see Measurement 
techniques 
Edema, see Lung 
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Edrophonium, see Antagonists, 
neuromuscular relaxants 
Education 
lecture practices in United States 
anesthes:ology residencies, 112 
lectures in anesthesia training 
{editorial}, 1 
levels, force applied during tracheal 
intubation and, 411 
overseas teaching program in 
anesthesiology, $123 
residents 
antibiotic administration (letter), 619 
lecture practices in United States, 112 
Elderly, see Anesthesia, geriatric 
Electrocardiography, see Monitoring 
Electroconvulsive therapy, see Anesthesia 
Electroencephalography, see Monitoring 


venous, during radical retropubic 
prostatectomy, 151 
venous pressure and (abstract), 5104 
thromboembolism 
pulmonary, intraoperative, 
transesophageal two-dimensional 
echocardiography diagnosis of, 148 
Emergency department 
anesthetic drugs administered in, 272 
EMLA, see Anesthetics, local 
Enalapril, see Sympathetic nervous 
system, pharmacology 
Endobronchial techniques, see Anesthetic 
techniques 
Endocrines, see Hormones 
Endorphins, see Polypeptides 
Endoscopy, see Anesthetic techniques, 
bronchoscopy 
Endothelin, see Arteries, coronary, 
vasoconstriction 
Endotracheal ° 
see Equipment, tubes 
see Intubation, tracheal 
Endotracheal cuffs, see Equipment, cuffs 
Enflurane, see Anesthetics, volatile 
Enkephalin, see Brain 
Enzymes 
acetylcholin2 
induced endothelial-dependent 
relaxation, isoflurane, halothane 
effects on (abstract), $32 
receptor ion channel, Torpedo, 
barbiturate action potencies at 
(abstract), 561 
fructose-1,6-bisphosphate 
calcium intracellular levels effects, 
anoxia énd (abstract), $26 
hepatic 
microsomal, inhibition, cocaine- 
induced systemic toxicity and 
(abstract), $158 


984 SUBJECT INDEX 


phosphodiesterase inhibitors 
rolipram, hypnotic response to 
dexmedetomidine effects (abstract), 
556 
protein kinase C inhibitors 
staurosporine, general anesthetic 
requirements effects (abstract), S96 
pseudocholinesterase 
inhibition, cocaine, ecgonine 
methylester and benzoylecgonine 
blood levels effects (abstract), $159 
inhibition, cocaine-induced systemic 
toxicity and (abstract), $158 
Epidural, see Anesthetic techniques 
Epidural patch, see Complications, 
headache 
Epinephrine 
see Heart, arrhythmias 
see Sympathetic nervous system, 
pharmacology 
Equipment 
airway 
placement, by students, 531 
anesthesia machines 
position, in plastic surgery (letter), 477 
blood pressure monitors 
Finapres (letter), 936 
bougies 
gum-elastic (letter), 318 
bronchoscope i 
fiberoptic, Patil-Syracuse mask use 
with, complications (letters), 472, 
473 
fiberoptic, small airways with acute 
respiratory failure evaluation, 
during mechanical ventilation 
(abstract), 5317 
catheters 
arterial, self-centering, in vivo oxygen 
sensor accuracy with (abstract), 
9122 
axillary, brachial plexus anesthesia 
using, Horner’s syndrome 
associated: with (letter), 311 
epidural, trapped, dislodging of 
(letter), 933 
intrathecal, opioid administration via, 
for spinal fusion in children 
(abstract), S306 
pulmonary artery, flow-directed, 
complications and malfunctions, 154 
right atrial, guide-wire retention after 
insertion, 303 
spinal, continuous, strength of 
(letter), 778 
spinal, indwelling, post dural 
puncture headache and (abstract), 
948 
Swan-Ganz, ‘clinical therapy and 
(abstract), '522 
circuits, anesthesia 
closed, automatic (abstract), 5254 - 
closed, methane accumulation during 
(abstract), $253 


heated wire, insulation of (letter), 471 
cuffs, endotracheal 
tracheal sealing by (letter), 932 
FEF detector, 415 
filters 
airway, infection reduction and 
(abstract), S93 
urine bag, obstruction of, oliguria due 
to (letter), 318 
fluid warmers 
laboratory evaluation of (abstract), 
9144 
humidifiers 
heated wire circuit insulation (letter), 
471 
laryngoscope 
Bullard, in cervical spine injury 
(letter), 623 
laryngoscopy 
rapid sequence tracheal intubation, 
fiberoptic versus rigid (abstract), 
5229 
in rhabdomyosarcoma of the tongue 
(letter), 930 
lasers 
assisted transducer alignment 
(abstract), 5218 
masks 
laryngeal, fiberscope-aided tracheal 
intubation and (letter), 313 
. laryngeal, for emergency cases (letter), 
776 
laryngeal, gas leakage and (abstract), 
9101 
laryngeal, placement, by students, 531 
laryngeal, toleration, anesthetic needs 
and (abstract), S349 
Patil-Syracuse, alterations to, for 
fiberoptic intubation (letter), 472 
Patil-Syracise, alternative diaphragm 
for (letter), 473 
monitoring cable holder (letter), 935 
monitors 
neuromuscular, quality and economic 
factors related to (letter), 775 
physiologic, intraoperative (abstract), 
S190 
needles 
combined spinal-epidural (letter), 169 
epidural, cracked (letter), 474 
spinal, resterilization of (letter), 937 
spinal, spinal fluid return rate in 
(abstract), $232 
oxygen sensors 
accuracy, with self-centering arterial 
catheter (abstract), $122 
stethoscope | 
esophageal, retained, small bowel 
obstruction and, 300 
precordial, temperature sensation 
evaluation by (letter), 931 
syringes 
epidural, loss of resistance (letter), 
474 
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propofol, pump, contamination, 
loading port method and (letter), 
777 
toe flexors 
neuromuscular block monitoring 
using (letter), 774 
tourniquets 
leg, central temperature effects, in 
children, 486 
propofol-induced hand pain effects, 
250 
thigh, vecuronium sequestration 
during extremity surgery and 
(abstract), 516 
transducers 
alignment, laser assisted (abstract), 
$218 
tubes 
breathing, heated, airway climate 
effects (abstract), $166 
endobronchial, Univent bronchial 
blocker, constant positive airway 
pressure with, 406 
endotracheal, air leak (letter), 474 
endotracheal, Brandt, Mallinckrodt, 
sore throat and, 897 
endotracheal, double-lumen, 
placement and complications 
(abstract), $141 
endotracheal, fires, lasers and, 424 
endotracheal, placement, assessment 
of, FEF detector accuracy in, 415 
endotracheal, placement, by students, 
531 
endotracheal, rubber versus plastic, 
for rapid extubation in laser fire 
(abstract), 5300 
endotracheal, toleration, anesthetic 
needs and (abstract), 5349 
myringotomy, placement, 
postoperative analgesia, topical 
lidocaine for (abstract), $196 
vaporizers 
draw-over (abstract), 54 
in motion, safety (abstract), 5364 
Ohmeda Sevotec IJ, defect in (letter), 
319 
vials 
bupivacaine, single dose, 
contamination, by repeated use in 
same patient (abstract), 5257 
warming covers 
shivering after arthroscopy effects 
(abstract), 5298 


Ergonovine methylester, see Anesthetics, 


local, cocaine 


Errata, 324, 933 
Erythermalgia, see Complications, 


erythromelalgia 


Erythromelalgia, see Complications 
Erythropoietin, see Blood 
Esmolol 


see Anesthetic techniques, hypotensive 
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see Sympathetic nervous system, 
pharmacology 
Esophageal stethoscope, see Equipment, 
stethoscope 
Esophagus, see Gastrointestinal tract 
Ethics 
anesthesiology and, 327 
do-not-resuscitate orders, 901 
Etomidate, see Anesthetics, intravenous 
Eutectic mixture of local anesthetics, see 
Anesthetics, local 
Evoked potentials 
see Brain 
see Monitoring 
Evoked responses, see Brain 
Extubation 
see Anesthetic techniques 
see Complications, self-extubation 
Eye 
intraocular pressure 
measurement, direct and continuous, 
porcine model for (abstract), 5152 
pupil 
light reflex, mild hyperthermia effects 
on (abstract), S207 
light reflex, propofol effects on 
(abstract), $21 
response to painful stimulation, 
during isoflurane anesthesia 
(abstract), S173 


Famotidine, see Histamine 
FEF detector, see Equipment 
Fenoldopam 
see Anesthetic techniques, hypotensive 
see Pharmacology 
Fentanyl 
see Analgesics 
see Potency, anesthetic 
Fetus, see Anesthesia, obstetric 
Fiberoptics, see Equipment, bronchoscope 
Fiberscope, see Intubation, tracheal 
Filing systems, see Publications 
Filters, see Equipment 
Finapres 
see Blood pressure, monitoring 
see Equipment, blood pressure monitors 
Fire, see Surgery, laser 
Fluid, see Gastrointestinal tract, stomach, 
preoperative fluids 
Fluid balance 
colloid 
hydroxyethylstarch, in hypovolemic 
shock, free polymerised hemoglobin 
compared to (abstract), S34 
hydroxyethylstarch, platelet function 
effects, in cardiopulmonary bypass, 
219 
ischemia in stenotic coronary artery 
effects, 206 
dextrose 
platelet function effects, in 
cardiopulmonary bypass, 219 
hydrostatic pressure 


halothane binding in rat brain 
synaptosomes effects (abstract), S80 
normosol 
acid-base effects, normal saline 
compared to (abstract), 598 
preoperative 
intravenous fluids, famotidine gastric 
effects and, 68 
Ringer’s solution 
platelet function effects, in 
cardiopulmonary bypass, 219 
saline 
normal, acid-base effects, normosol 
compared to (abstract), 598 
Fluid therapy 
volume loading 
right ventricular function effects, after 
coronary artery surgery (abstract), 
S326 
Fluid warmers, see Equipment 
Flumazenil, see Antagonists, 
benzodiazepines 
Flunitrazepam, see Anesthetics, 
intravenous 
Fluoride, see lons 
Friedreich’s ataxia, see Complications 
Fructose-1,6-diphosphate, see Enzymes 


G protein, see Protein, guanine-nucleotide 
binding 
y-Aminobutyric acid (GABA), see Brain 
Ganglia, see Sympathetic nervous system, 
stellate ganglion 
Ganglionectomy 
see Anesthesia, neurosurgical 
see Surgery, neurologic 
Gas analyzers, see Equipment 
Gases, nonanesthetic 
carboxyhemoglobin 
mixed venous oximetry effects 
(abstract), $130 
hydrogen 
ionophore, diaphragm fatigue 
recovery effects (abstract), S314 
methane 
accumulation during closed circuit 
anesthesia (abstract), S253 
Gastrointestinal tract 
esophagus 
upper sphincter pressure, reduction, 
with thiopental (abstract), S332 
stomach 
emptying of, before pyloromyotomy, 
by endoscopy (letter), 315 
fluid volume, preanesthetic fasting 
interval in pediatric cardiac surgical 
patients and, 694 
pH, famotidine effects on, attenuation 
of, by preoperative intravenous 
fluids, 68 
pH, hydrogen ion activity and content 
and (letter), 929 
pH, omeprazole effects on (abstract), 
S13 
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pH, preanesthetic fasting interval in 
pediatric cardiac surgical patients 
and, 694 
pH, ranitidine effects on (abstract), 
S13 
pH, water versus fruit juice and 
(letter), 929, 930 
preoperative fluids, fasting interval, in 
pediatric cardiac surgical patients, 
694 
volume, famotidine effects on, 
attenuation of, by preoperative 
intravenous fluids, 68 
General anesthesia, see Anesthesia, 
general 
Genes 
c-fos 
activation, in rat striatum, by cocaine 
(abstract), S75 
Genioglossus muscle, see Muscle, skeletal 
Geriatrics, see Anesthesia, geriatric 
GI87084B, see Analgesics 
Glucose, see Metabolism 
Glutathione, see Polypeptides 
Glycerin, see Anesthetics, local, 
bupivacaine 
Glycopyrrolate, see Parasympathetic 
nervous system 
Guanfacine, see Sympathetic nervous 
system, pharmacology 
Guide-wire retention, see Complications 
Gynecologic surgery, see Surgery 


Halothane 
see Anesthetics, volatile 
see Pharmacodynamics 
see Potency, anesthetic, MAC 
see Toxicity 
Head, see Complications, trauma 
Headache, see Complications 
Heart 
angioplasty 
pediatric, aortic coarctation, 
cerebrovascular circulation effects 
(abstract), S27 
arrhythmias 
bradyarrhythmias, in coronary artery 
bypass grafting, vecuronium effects 
on (abstract), 5284 
bradycardia, following induction of 
sufentanil anesthesia, power 
spectrum of heart rate variability as 
predictor of (abstract), S92 
epinephrine threshold for, 
sevoflurane, isoflurane and 
(abstract), S42 
reperfusion, allopurinol effects on 
(abstract), 5363 
tachyarrhythmias, supraventricular, 
during total joint arthroplasty 
(abstract), S154 
atria 
norepinephrine release from, 
adenosine effects on (abstract), S99 
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atrioventricular node 
conduction, bilateral stellate 
ganglionectomy under general 
anesthesia effects (abstract), S260 
block i 
during abdominal surgery, pediatric, 
766 
blood flow: 
baroreflex evoked vasodilation, 
enflurane effects on (abstract), S58 
after coronary revascularization, 
nifedipine effects on, sodium 
nitroprusside compared to, 809 
during hypotension induced by 
fenoldopam or sodium 
nitroprusside, 72 
isoflurane effects on (abstract), S60 
isoflurane-induced hypotension effects 
on phenylephrine and, 870 
Ca** current 
halothane effects on, 564 
cardiac output , 
clinical therapy and (abstract), $22 
measurement, Doppler ultrasound, 
transtracheal, 800 
measurement, Doppler ultrasound, 
transtracheal (editorial), 790 
thermodilution, changes, mixed 
venous oximetry changes and 
(abstract),:5354 
cardioprotection 
esmolo! (abstract), 5303 
cardiovascular drugs 
anesthetic drug interaction with 
(abstract), 5172 
catheterization 
pediatric, propofol, ketamine 
comparisons in, 490 
conduction 
atrioventricular, bilateral stellate 
ganglionectomy under general 
anesthesia effects (abstract), $260 
bupivacaine effects on, clonidine, 
dobutamine correction of, 703 
congenital defects 
aortic coarctation, angioplasty for, 
cerebrovascular circulation effects 
(abstract), $27 
atrial septal defect, transcatheter 
closure of, 44 
atrial septal defect, transcatheter 
closure of, cerebrovascular 
circulation effects (abstract), $28 
patent ductus arteriosus, umbrella 
occlusion of, cerebrovascular 
circulation effects (abstract), $29 
contractility 
bupivacaine effects on, clonidine, 
dobutamine correction of, 703 
in children, atropine during halothane 
anesthesia effects (abstract), S139 
halothane effects on, 564 
during hypotension induced by 


fenoldopam or sodium 
nitroprusside, 72 
midazolam effects on (abstract), $180 
negative inotropic effects of 
oxybarbiturates and thiobarbiturates 
and, 97 
nitrous oxide effects on 
transsarcolemmal calcium influx 
and, 575 
propofol effects on (letter), 165 
thiopental effects on (letter), 165 
coronary artery disease 
myocardial ischemia and, anesthetic 
depth and techniques effects on, 14 
right ventricular performance in, 
phenylephrine effects on (abstract), 
$201 
coronary occlusion 
ischemia in, acute colloid 
administration effects on, 206 
urapidil hemodynamic effects in 
(abstract), 5356 
cyclic AMP 
halothane effects on, 564 
defibrillation 
threshold, isoflurane effects on 
(abstract), S70 
diastolic function 
ketamine, propofol effects on 
(abstract), S230 
volatile anesthetics effects on, 
echocardiography of (abstract), $360 
dysrhythmias 
after hypoperfusion, halothane effects 
on, 384 
electrophysiology 
responses, to morphine analgesia 
(abstract), 5221 
excitability 
bupivacaine effects on, clonidine, 
dobutamine correction of, 703 
function 
etomidate, ketamine, midazolam, 
propofol effects on, 547 
after hypoperfusion, halothane effects 
on, 384 
laparoscopic cholecystectomy effects 
(abstract), 58 
inotropism 
calcium, epinephrine, after emergence 
from cardiopulmonary bypass, 3 
negative, doxacurium (abstract), 5179 
irrigation 
warm, hemodynamic effects (abstract), 
S189 
ischemia 
during cesarean section under 
regional anesthesia, 51 
circadian rhythm, coronary artery 
bypass grafting and (abstract), 5136 
in coronary bypass patients, 
hemoglobin influence on myocardial 
lactate flux and (abstract), 569 
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coronary vasospasm and, opioid 
effects on, 889 
myocardial function measurement 
during (abstract), 5251 
myocardial oxygen and lactate 
metabolism during, midazolam 
effects on (abstract), S290 
post-ischemic fiber shortening, 
glutathione effects on (abstract), 
5170 
in stenotic coronary artery, acute 
colloid administration effects on, 
206 
muscle 
propofol, thiamylal electromechanical 
effects (abstract), 5161 
myocardial calcium current 
halothane depression of, calcium 
channel agonist effects on (abstract), 
S18 
myocardial contractility 
bupivacaine, lidocaine intracellular 
action and, 698 
propofol, thiopental depression of, 
395 
myocardial function 
depressed, halothane associated, 
calcium entry and, BAY K8644 
effects on, 865 
depressed, hemodynamic responses 
to infrarenal cross-clamping in 
(abstract), S288 
fentanyl effects on, 14 
halothane effects on, 14 
halothane effects on, in neonates and 
infants, 329 
isoflurane effects on, 14 
isoflurane effects on, in neonates and 
infants, 329 
measurement, during adjacent 
ischemia (abstract), $251 
midazolam effects on, 14 
propofol effects on (abstract), $14 
myocardial infarction 
electrical activity during 
cardiopulmonary bypass and 
(abstract), $149 
onset and triggers of, during coronary 
artery bypass (abstract), $150 
perioperative, prediction of, 
electrocardiography versus 
transesophageal echocardiography 
(abstract), 5114 
myocardial lactate flux 
hemoglobin influence on, in coronary 
bypass patients (abstract), 569 
myocardial oxygen consumption 
during halothane-induced 
hypotension, phenylephrine effects 
on, 870 
myocardial stunning 
sarcoplasmic reticulum dysfunction 
during (abstract), $196 
myocardium 
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contractility, ketamine effects on 
(abstract), S231 
3,4-dihydroxyphenylglycol overflow 
in, ketamine effects on (abstract), 
S53 
intracellular calcium transient in, 
ketamine effects on (abstract), S168 
oxygen and lactate metabolism, 
during ischemia, midazolam effects 
on (abstract), S290 
pacemakers 
artificial, extracorporeal shock wave 
lithotripsy in patient with, 770 
pacing 
noninvasive, in lateral decubitus 
position and during one-lung 
ventilation (abstract), S6 
tachycardia, esmolol cardioprotection 
and (abstract), S303 
pericardium 
mechanoreceptors, with phrenic 
afferents, in dog (abstract), S239 
pharmacology 
clonidine, reversal of bupivacaine 
effects, 703 
dobutamine, reversal of bupivacaine 
effects, 703 
preoperative evaluation 
for noncardiac surgery, 586 
pulse rate 
changes, with high spinal anesthesia 
(letter), 774 
clonidine effects on (abstract), S86 
diazepam, midazolam effects on 
(abstract), S168 
epidural blood patch effects on 
(letter), 619 
oculocardiac reflex and (letter), 166 
spinal anesthesia effects (abstract), 
S365 
variability, power spectrum of, 
bradycardia following induction of 
sufentanil anesthesia and (abstract), 
S92 
systolic time interval 
isoflurane effects on, in children 
(abstract), S59 
transplantation 
anesthesia after (abstract), S94 
hypothermic storage, canine, oxygen 
in (abstract), S259 
pediatric (abstract), S97 
right ventricular performance, 
accelerated pulmonary blood flow 
effects on (abstract), S66 
ventricle 
elastance, nicardipine effects on 
(abstract), S226 
function, lumbar epidural anesthesia 
in children effects on (abstract), 
S323 
function, phenylephrine effects on, in 
coronary artery disease (abstract), 
S201 


function, volume loading effects, after 
coronary artery surgery (abstract), 
S326 
right, performance, pulmonary blood 
flow acceleration effects on, in 
cardiac transplantation patient 
(abstract), S66 
Hematocrit, see Blood 
Hemodilution, see Blood 
Hemodynamics, see Blood 
Hemoglobin, see Blood 
Hemorrhage 
gastrointestinal 
ketorolac-related (letter), 167 
hypotension 
brain perfusion during, transcranial 
Doppler sonography of (abstract), 
S347 
in hypermagnesemic gravid ewes, 
calcium chloride effects on, 670 
Hemostasis, see Blood 
Hemothorax, see Complications 
Heparin, see Blood, coagulation 
Hepatic artery, see Arteries 
Hepatitis, see Liver 
Hepatotoxicity, see Liver 
Herniotomy, see Surgery 
Histamine 
famotidine 
gastric effects, attenuation of, by 
preoperative administration of 
intravenous fluids, 68 
ranitidine 
affinity for cerebral H, receptors 
(letter), 476 
gastric pH effects (abstract), $13 
HIV 
see Complications 
see Infection 
Hormones 
adrenal 
methylprednisolone, protamine 
responses in dogs effects, 
thromboxane synthetase inhibitor 
compared to, 38 
antidiuretic 
desmopressin acetate, blood pressure 
effects (abstract), S147 
corticosteroid 
paraspinal depot, adrenal suppression 
and (letter), 773 
cortisol 
response to stress, propofol effects on 
(abstract), S223 
cyclic adenosine 3’,5’ monophosphate 
production, cardiac surgery effects on, 
212 
cytokine 
production, perioperative stimulation 
of, stress response of hypothalamo- 
pituitary-adrenal axis and (abstract), 
S216 
endocrines 
responses to noxious stimuli, 
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isoflurane/fentanyl suppression of 
(abstract), S198 
insulin 
glucose and potassium uptake effects, 
during liver transplantation 
(abstract), S279 
prostaglandin E 
cAMP stimulation by, cardiac surgery 
effects on, 212 
prostaglandin E1 
diuresis induced by, lumbar epidural 
anesthesia effects on (abstract), S361 
halothane-induced pulmonary edema 
and, 747 
Horner’s syndrome, see Sympathetic 
nervous system, stellate ganglion 
Humidifiers, see Equipment 
Hydrogen 
see Gases, nonanesthetic 
see Gastrointestinal tract, stomach, pH 
Hydrostatic pressure, see Fluid balance 
Hydroxyethylstarch, see Fluid balance, 
colloid 
Hypercarbic response, see Ventilation 
Hypertension, see Blood pressure 
Hyperthermia 
malignant 
induction, following Organon 9426 
exposure (abstract), 5350 
masseter muscle rigidity effects 
(abstract), S163 
masseter muscle spasm in children 
and pigs and (letter), 773 
propofol and (letter), 318 
sevoflurane and, 616 
skeletal muscle sensitivity to in vitro 
caffeine contracture test in, 105 
mild 
pupillary light reflex effects (abstract), 
S207 
Hypnotics 
barbiturates 
phenobarbital, interaction with 
benzodiazepines, at GABA, 
receptor in rat brain (abstract), S62 
potency, at Torpedo acetylcholine 
receptor ion channel (abstract), S61 
benzodiazepines 
diazepam, heart rate variations effects 
(abstract), S168 
diazepam, interaction with 
bupivacaine, at GABA, receptor in 
rat brain synaptoneurosomes 
(abstract), S62 
diazepam, intravenous, sedation and 
psychomotor function effects, 265 
diazepam, pediatric, premedication, 
oral, midazolam compared to 
(abstract), S334 
midazolam, acute tolerance to 
(abstract), S110 
midazolam, alcohol interaction with 
(letter), 475 
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midazolam, alfentanil-associated 
emesis effects (abstract), $238 
midazolam, heart function and 
metabolism effects, etomidate, 
ketamine, propofol, thiopental 
comparisons with, 547 
midazolam, heart rate variations 
effects (abstract), $168 
midazolam, intravenous, sedation and 
psychomotor function effects, 265 
midazolam, intubation conditions 
after ORG 9426 administration 
during (abstract), 5240 
midazolam, myocardial contractility 
effects (abstract), $180 
midazolam, myocardial oxygen and 
lactate metabolism during 
myocardial ischemia effects 
(abstract), S290 
midazolam, patient-controlled 
sedation, local anesthesia and 
(abstract), 5110 
midazolam, pediatric, premedication, 
oral, diazepam compared to 
(abstract), 5334 
midazolam, propofol induction and 
recovery characteristics effects 
(abstract), S63 
midazolam, recovery, 
dexmedetomidine compared to 
(abstract), S3 
midazolam, slow injection, ventilatory 
depression effects, 260 
midazolam, threshold of pacing- 
induced ischemia effects, 14 
cataract surgery 
in elderly, comparisons in (abstract), 
5164 
intravenous 
computer-assisted validation of 
observer-recorded data and 
(abstract), 5359 
pediatric 
oral, in ICU (abstract), 5256 
thiamylal 
electromechanical effects on cardiac 
muscle (abstract), 5161 
Hypotension 
see Anesthetic techniques, hypotensive 
see Blood pressure 
see Complications 
see Hemorrhage 
Hypothalamo-pituitary-adrenal axis, see 
Complications, stress response 
Hypothermia 
circulatory arrest 
cerebral protection, nimodipine effects 
(abstract), $199 
corticomotor and somatosensory evoked 
potentials effects, 643 
induced 
cardiopulmonary bypass, low-flow, 
cerebral blood flow during 
(abstract), S267 


cardiopulmonary bypass, 
oxyhemoglobin dissociation and 
oxygen consumption during, astat 
versus pH-stat strategy effects on, 
32 
cardiopulmonary bypass, pediatric, 
cerebral pressure-flow velocity 
relationship during, 636 
leg tourniquet and, 486 
during orthotopic liver transplantation 
(abstract), S316 
during surgical skin preparation 
(abstract), S276 
Hypovolemia, see Blood pressure 
Hypovolemic shock, see Shock 
Hypoxia 
cerebral blood flow during 
ketamine effects on (abstract), 5128 
hepatic circulation and oxygen 
metabolism during 
thiamylal-halothane effects on 
(abstract), S214 
intracellular calcium levels and 
fructose-1,6-bisphosphate effects on 
(abstract), 526 
postanesthetic 
detection, by continuous telemetric 
pulse oximetry (abstract), $83 
from oxygen therapy removal 
(abstract), $45 
postoperative, propofol versus 
halothane, in children (abstract), 5342 
pulmonary embolism and, 
intracperative, 148 
in single-lung anesthesia in lateral 
position (abstract), 5100 
Hysteresis behavior, see Brain, 
vasculature 


Idazoxan, see Sympathetic nervous 
system, pharmacology 
Iiac crest bone, see Anesthetic 
techniques, regional 
Illumination, see Veins, venipuncture, 
transillumination 
Immune response 
in halothane hepatitis, 605 
to isoflurane (abstract), 5178 
suppression 
cyclosporine A, plasma levels, 
cardiopulmonary bypass effects on, 
renal transplantation and, 288 
Immunoglobulins, see Allergy 
Induction 
anesthesia 
pediatric, alternate method for 
(abstract), 5335 
propofol, rate of injection and (letter), 
938 
thiopental, rate of injection and 
(letter), 938 
thiopentone, mid-latency auditory 
evoked potentials effects (abstract), 
$270 
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Infection 
bacterial 
spinal needle resterilization and 
(letter), Mollman 


epidural blood patch or normal saline 
patch and (abstract), 57 
HIV 
testing, patient attitudes (abstract), 
$266 
reduction 
airway filters and (abstract), 593 
from repeated use of single-dose 
bupivacaine vials in same patient 
(abstract), $257 
Infiltration, see Anesthetic techniques 
Inotropism, see Heart 
Insulin, see Hormones 
Intensive care 
pediatric 
for spinal fusion complications 
(abstract), 5268 
unanticipated admissions, 
postoperative, pulse oximetry, age 
and ASA physical status effects on, 
181 l 
Interactions (drug) 
atracurium, betamethasone, 
vecuronium, 762 
betamethasone, atracurium, 
vecuronium, 762 
bupivacaine-morphine, 726 
morphine-bupivacaine, 726 
vecuronium, betamethasone, 
atracurium, 762 
intercostal block, see Anesthetic 
techniques, regional 
Intercostal muscle, see Muscle, smooth 
Interpleural block, see Anesthetic 
techniques 
Interscalene, see Anesthetic techniques, 
regional, brachial plexus block 
Intraarticular anesthesia, see Anesthetic 
techniques, regional 
Intracranial pressure, see Cerebrospinal 
fluid, pressure 
Intraocular pressure, see Eye 
Intrascalene block, see Anesthetic 
techniques, regional 
Intrathecal, see Anesthetic techniques, 
spinal 
Intravenous anesthesia, see Anesthetic 
techniques 
Intubation, tracheal 
air leak (letter), 474 
bougies and 
gum-elastic (letter), 318 
complications 
angioedema, angiotensin-converting 
enzyme inhibitor-induced, 602 
difficult 
in tumoral calcinosis patient, 159 
fiberscope-aided, facilitation of laryngeal 
mask airway for (letter), 313 
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force applied during, practitioner's 
experience and, 411 
hemodynamic responses to 
thiopental and (abstract), 5358 
laryngoscope 
Bullard, for cervical spine injury 
(letter), 623 
light wand-guided 
for c-spine injuries (letter), 622 
complications (letter), 169 
long-term 
airway management, 
anesthesiologist’s role in, 276 
oral 
sealing of trachea (letter), 932 
ORG 9426 effects on 
(abstract), $242 
during nitrous oxide-fentany]l- 
midazolam anesthesia (abstract), 
$240 
succinylcholine compared to 
(abstract), $210 
rapid 
laryngoscopy for, fiberoptic versus 
rigid (abstract), 5229 
thiopental, propofol, succinylcholine, 
timing technique with atracurium 
(abstract), $206 
in rhabdomyosarcoma of the tongue 
(letter), 930 
sore throat and, 897 
by students, 531 
succinylcholine, vecuronium, 
hemodynamic and catecholamine 
responses following (abstract), 5263 
suxamethonium effects on (abstract), 
5242 
Ions 
calcium 
brain tissue levels, following brain 
tauma, ketamine effects on 
(abstract), $281 
channels, voltage-dependent, 
halothane effects on, 758 
current, halothane effects on, 564 
for inotropic support after emergence 
from cardiopulmonary bypass, 3 
intracellular, free, surge, in astrocytes 
and neurons, dexmedetomidine 
effects on (abstract), S368 
intracellular, fructose-1,6-bisphosphate 
effects, anoxia and (abstract), $26 
intracellular, transient, in ventricular 
myocardium, ketamine effects on 
(abstract), 5169 
maternal blood pressure and uterine 
blood flow effects, during 
hemorrhagic hypotension in 
hypermagnesemic gravid ewes, 670 
transsarcolemmal influx in 
myocardium, nitrous oxide effects 
on, 575 
fluoride 
inorganic, plasma concentration, 


sevoflurane effects on, in children 
(abstract), 5185 
inorganic, serum and urinary 
concentrations, sevoflurane 
prolonged inhalation effects on, 753 
levels, halothane, isoflurane effects 
on, prolonged anesthesia and, 236 
levels, sevoflurane, isoflurane effects 
on, hepatic and renal function and, 
231 
magnesium 
brain tissue levels, following brain 
trauma, ketamine effects on 
(abstract), $281 
maternal hypotension and fetal 
oxygenation effects, calcium 
chloride effects on, 670 
pharmacology, anesthesia and, 129 
potassium 
uptake, insulin-simulated, during 
liver transplantation (abstract), $279 
saline 
dural headache prophylams, epidural 
bolus versus infusion (abstract), 
$319 
normal, headache prophylaxis 
(abstract), S7 
sodium 
ionophore, diaphragm fatigue 
recovery effects (abstract), $314 
Iophendylate, see Solubility, lipids 
Irrigation, see Heart 
Ischemia 
see Brain 
see Heart 
see Lung, injury 
Isoflurane, see Anesthetics, volatile 


Jargon 
see Anesthesiologists 


see Publications 
Jehovah’s Witnesses, see Organizations 
Jets, see Ventilation 
Journals, see Publications 
Jugular vein, see Veins 


Ketamine, see Anesthetics, intravenous 
Ketorolac, see Analgesics 
Kidney 
antidiuretics 
desmopressin, blood loss and 
transfusion therapy effects, in 
coronary artery bypass, with 
prolonged bypass times (abstract), 
$212 
blood fiow 
assessment, contrast ultrasound 
(abstract), S11 
during hypotension induced by 
fenoldopam or sodium 
nitroprusside, 72 
diuresis 
prostaglandin E,-induced, lumbar 
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epidural anesthesia effects on 
(abstract), 5361 
function 
during aortic surgery, anesthetic 
technique influences on, 481 
nephrotoxicity 
halothane, 570 
sevoflurane and, 753 
transplantation 
cyclosporin A in, plasma levels, 
cardiopulmonary bypass effects on, 
288 
Klippel-Trenaunay syndrome, see 
Complications 


Labeling of drugs 
confusion avoidance and (letter), 472 
Labor, see Anesthesia, obstetric 
Lactate 
see Metabolism 
see Muscle, skeletal 
Laparoscopy, see Surgery 
Laryngeal masks, see Equipment, masks. 
Laryngoscopy, see Equipment 
Larynx 


adductor and abductor muscles 
vecuronium effects on (abstract), $146 
cricoid pressure 
airway obstruction by Sellick 
maneuver and, 457 
Lasers 
see Equipment 
see Surgery 
Lateral decubitus position, see Position 
Lateral position, see Position 
Lectures, see Education 
Lidocaine 
see Anesthetics, local 
see Pharmacology, tachyphylaxis 
Lipids, see Solubility 
Liposomes 
see Anasthetics, local, lidocaine, 
prolongation of 
see Theories of anesthetic action 
Literature, sze Publications 
Lithotripsy, see Anesthesia, urologic 
Liver 
biliary tract 
sphincter of Oddi spasm, opioid- 
induced, nalbuphine reversal of, 
308 


blood flow 
thiamylal-halothane effects on, during 
hypoxia (abstract), $214 
hepatic artery 
blood flow, in transplanted liver, 
factors influencing (abstract), S73 
hepatitis 
halothane associated, 28 years after 
exposure, 605 
hepatotoxicity 
halothane, 570 
halothane, subanesthetic 
concentrations, 559 
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halothane (abstract), $194 
microsomal enzyme, inhibition, cocaine 
induced systemic toxicity and 
(abstract), S158 
transplantation . 
core temperature changes in 
(abstract), 5316 
in Crigler-Najjar syndrome, anesthetic 
care in, 162 
hepatic artery blood flow in, factors 
influencing (abstract), $73 
intracranial pressure monitoring 
during (abstract), 541 
maximal insulin-stimulated glucose 
and potassium uptakes during 
(abstract), S279 
Locus ceruleus, see Brain 
Lumbar epidural anesthesia, see 
Anesthetic techniques, epidural 
Lumbar puncture, ‘see Anesthetic 
techniques, spinal 
Lumpectomy, see Surgery 
Lung 
adult respiratory distress syndrome 
ventilatory time constants in, 
determination of nonlinear model of 
lung for (abstract), 5134 
blood flow 
accelerated, right ventricular 
performance and, in cardiac 
transplantation patients (abstract), 
S66 


bronchospasm 
during mechanical ventilation, 
ketamine effects on (abstract), $135 
compliance 
after transplantation (abstract), S95 
edema 
halothane-associated, intravenous 
liquid, 747 
function 
hemidiaphragmatic paresis during 
interscalene brachial plexus block 
effects on, 352 
after laparoscopic cholecystectomy 
(abstract), 58, 5286 
after laparoscopic cholecystectomy, 
age factors in (abstract), $321 
tidal volume, 6 versus 12 ml-kg~? 
effects on, postoperative (abstract), 
$145 
injury 
ischemia-reperfusion, thoracic aorta 
cross clamping and (abstract), $220 
microvascular permeability 
changes, in posttraumatic acute lung 
failure, 793 
nonlinear model of, ventilatory time 
constants in ARDS determination by 
(abstract), $134 
respiratory failure 
after cardiac surgery, mechanical 
ventilation in prone position for 
(abstract), S38 


posttraumatic (editorial), 787 
posttraumatic, microvascular 
permeability changes in, 793 
trachea 
smooth muscle, phasic responses to 
carbachol in, halothane, enflurane 
inhibition of, 89 
transplantation 
double, gas exchange and compliance 
following (abstract), 595 
vasoconstriction 
thermoregulatory, threshold, 
propofol-nitrous oxide effects on 
(abstract), $142 
volume 
superior sagittal sinus pressure effects 
(abstract), 5104 
Lymphocytes, see Blood 


MAC, see Potency, anesthetic 
Magnesium, see Ions 
Magnetic resonance imaging 
see Anesthesia, diagnostic 
see Measurement techniques, nuclear 
magnetic resonance 
Manpower 
medical students 
tracheal intubation, laryngeal mask 
airway and endotracheal tube 
placement, 531 
paramedics 
students, tracheal intubation, 
laryngeal mask airway and 
endotracheal tube placement, 531 
residents 
job satisfaction, assessment (abstract), 
5325 
personality parameters and clinical 
expectations (abstract), 555 
selection (abstract), 5353 
Masks, see Equipment 
Mass spectrometers, see Equipment 
Masseter muscle, see Muscle, skeletal 
Measurement techniques 
carbon dioxide 
capnography, false-positives with 
(letter), 467 
cardiac output 
clinical therapy and (abstract), 522 
transtracheal Doppler, 800 
transtracheal Doppler (editorial), 790 
echocardiography 
transesophageal, myocardial infarction 
prediction, post cardiopulmonary 
bypass, electrocardiography 
compared to (abstract), $114 
transesophageal, probe, bronchial 
obstruction by, in pediatric cardiac 
patient, 156 
transesophageal, two-dimensional, 
intraoperative pulmonary embolism 
diagnosis with, 148 
two-dimensional, halothane, 
isoflurane hemodynamic depression 
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measurement, in neonates and 
infants, 329 
of volatile anesthetic effects on 
diastolic function (abstract), $360 
electromyography 
genioglossus, intercostals, diaphragm 
differential sensitivity to halothane 
in kittens, 338 
noninvasive surface, pain assessment 
(abstract), 51 
microspheres 
isoflurane, sevoflurane hemodynamics 
and blood flow effects in rats, 79 
neural-network based 
work of breathing calculation during 
pressure support ventilation 
(abstract), 5184 
neuromuscular blockade 
adductor pollicis, using toe flexors 
(letter), 774 
monitors, quality and economic 
factors related to (letter), 775 
train-of-four (letter), 782 
train-of-four fade, at 10 mA above T, 
threshold (abstract), 5293 
train-of-four ratio, 50 Hz and 100 Hz 
tetany and (abstract), S40 
nuclear magnetic resonance 
anesthetic management, 121 
arterial pressure monitoring during 
(letter), 315 
pediatric, anesthesia for (letter), 931 
pediatric, thiopental for (abstract), 
$304 
oximetry 
mixed venous, carboxyhemoglobin 
effects on (abstract), $130 
mixed venous, changes, 
thermodilution cardiac output 
changes and (abstract), 5354 
pacing 
noninvasive, in lateral decubitus 
position and during one-lung 
ventilation (abstract), S6 
tachycardia, esmolol cardioprotection 
and (abstract), 5303 
pulse oximetry 
blood pressure measurement, systolic, 
196 
failure rates (abstract), S15 
hemodynamic compromise in anemic 
dogs prediction (abstract), 5297 
patient outcome effects (editorial), 177 
response time, assessment of, using 
acute decompression, 189 
telemetric, continuous, postanesthetic 
hypoxemia detected by (abstract), 
583 
unexpected intensive care unit 
admissions effects, 181 
spectroscopy 
cerebral optical, noninvasive, use 
during cardiopulmonary bypass 
(abstract), 5292 
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nuclear magnetic resonance, in 
malignant hyperthermia associated 
with sevoflurane anesthesia, 616 
sweat test 
documenting of, after 
sympathectomy, 599 
sympathogalvanic response 
documenting of, after 
sympathectomy, 599 
thrombelastograph 
autologous blood after 
cardiopulmonary bypass and 
(abstract), S348 
ketorolac effects on coagulation 
evaluation (abstract), $248, S249 
rapid analysis of, template for (letter), 
782 


tomography 
pediatric, anesthesia for (letter), 931 
pediatric, propofol and (abstract), 536 
pediatric, thiopental for (abstract), 
5304 


positron emission, ketamine-induced 
changes in cerebral glucose 
utilization measurement (abstract), 
5344 

ultrasound 

of cerebral pressure-flow velocity 
relationship during hypothermic 
cardiopulmonary bypass in infants 
and children, 636 

contrast, renal blood flow distribution 
assessment (abstract), S11 

Doppler, pulsed, halothane, 
isoflurane hemodynamic depression 
measurement, in neonates and 
infants, 329 

Doppler, transcranial, of brain 
perfusion during hemorrhagic 
hypotension (abstract), $347 

Doppler, transcranial, in head injury 
(abstract), 5197 

Doppler, transtracheal (abstract), 5235 

Doppler, transtracheal, cardiac output 
measurement, 800 

Doppler, transtracheal, cardiac output 
measurement (editorial), 790 

Doppler, transtracheal, validity of 
intraoperative measurements 
(abstract), 5236 

Wada test 

pediatric, anesthetic management of 

(letter), 621 


Mechanoreceptors 


see Heart, pericardium 
see Receptors | 


Medical students, see Manpower 
Memory 


explicit and implicit 
during cardiac surgery (abstract), 5269 
level of consciousness 
monitoring, auditory steady-state 
response for (abstract), S336 


Metabolism 


adenosine monophosphate 


myocardial, halothane effects on, 564 


cholinesterase 
plasma, succinylcholine-induced 
apnea in newborn and, 137 
diabetes mellitus 
sensitivity of papillary muscles to 
negative inotropic effects of 
oxybarbiturates versus 
thiobarbiturates in, 97 
DNA 
of genes controlling anesthetic 
sensitivity in C. elegans (abstract), 
$275 
glucose 
apple juice 2-3 hours perioperative 
effects on, in children (abstract), 
S346 
cerebral, ketamine-induced changes 
in, PET scan of (abstract), $344 
insulin-stimulated, during liver 
transplantation (abstract), $279 
lactate 
dichloroacetate effects on (abstract), 
S280 
myocardial, during ischemia, 
midazolam effects on (abstract), 
5290 
mRNA 
naltrexone effects on (abstract), $125 
nucleotides 
cyclic AMP, hypnotic response to 


dexmedetomidine effects (abstract), 


S56 
cyclic GMP, halothane-induced 
vasodilation of canine cerebral 
arteries and (abstract), 591 
thromboxane synthetase inhibitor 
protamine responses in dogs effects, 
methylprednisolone compared to, 
38 


uridine diphosphate glucuronyl 
transferase in Crigler-Najjar 
syndrome, anesthetic care in, 162 
Methane, see Gases, nonanesthetic 
Methohexital, see Anesthetics, 
intravenous 
Methylprednisolone, see Hormones, 
adrenal 
Metoclopramide, see Vomiting, 
antiemetics 
Mexiletine, see Anesthetics, local 
Microspheres, see Measurement 
techniques 
Midazolam 
see Hypnotics, benzodiazepines 
see Potency, anesthetic 
see Premedication 
Mirfentanil 
see Analgesics 
see Potency, anesthetic 


Mivacurium, see Neuromuscular relaxants 
Monitored anesthesia care, see Anesthesia 


Monitoring 
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blood pressure 
Finapres (letter), 936 
cable holder (letter), 935 
coagulation 
activated clotting test, heparinase in, 
201 
heparinase test cartridge, 201 
Datex neuromuscular transmission 
monitor 
stability of, in anesthetized infants 
(abstract), $352 
electrocardiography 
central venous pressure (abstract), 
$153 
during cesarean section under 
regional anesthesia, 51 
in myocardial infarction, during 
cardiopulmonary bypass (abstract), 
$149 
in myocardial infarction, during 
coronary artery bypass (abstract), 
S150 
perioperative myocardial infarction 
prediction, post cardiopulmonary 
bypass, transesophageal 
echocardiography compared to 
(abstract), 5114 
R wave gain, during cardiac surgery, 
26 
ST segment, extreme normovolemic 
hemodilution evaluation (abstract), 
5295 
ST segment, postoperative analysis 
(abstract), 543 
electroencephalography . 
hemodynamic changes with incision 
prediction, during isoflurane 
anesthesia (abstract), 5187 
processed, using aperiodic analysis, 
nitrous oxide effects on (abstract), 
$140 
spectral edge frequency, halothane 
MAC reduction by thiopental, 542 
emergency department administration o 
anesthetic drugs, 272 
evoked potentials 
corticomotor, temperature, halothane 
concentration, and arterial partial 
pressure of CO, effects on, 643 
somatosensory, temperature, 
halothane concentration, and 
arterial partial pressure of CO, 
effects on, 643 
of spinal cord integrity, pediatric, 
neurogenic tumor removal and, 460 
of force applied during tracheal 
intubation, 411 
oxygen 
pulse oximetry, patient outcome 
effects (editorial), 177 
oxygenation 
cerebral, during cardiac surgery 
(editorial), 627 
oxyhemoglobin venous saturation, 
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jugular during cardiac surgery, 
(editorial) 627, 630 
ultrasound 
of gastric contents, during obstetric 
anesthesia, 683 
Monitors, see Equipment 
Morphine 
see Analgesics 
see Anesthetic techniques, epidural 
see Pharmacokinetics 
mRNA, see Metabolism 
Muscle, skeletal 
contractility 
in malignant hyperthermia, caffeine 
contracture test and, 105 
diaphragm 
contractility, sevoflurane effects on, 
739 
differential sensitivity to halothane, in 
kittens, 338 
digital pressure technique for 
interscalene block effects on 
(abstract), $327 
fatigue, acceleration, by a Na*/H* 
ionophore (abstract), 5314 
genioglossus 
differential sensitivity to halothane, in 
kittens, 338 
lactate flux, myocardial 
hemoglobin influence on, in coronary 
bypass patients (abstract), 569 
masseter 
rigidity, halothane, hyperthermia 
effects on (abstract), $163 
spasm, in children and pigs, 
hyperthermia and (letter), 773 
rigidity 
fentanyl-induced, neurotensin effects 
on (abstract), 5322 
sarcoplasmic reticulum 
dysfunction, during myocardial 
stunning (abstract), S196 
twitch tension _ 
in malignant hyperthermia, caffeine 
contracture test and, 105 
Muscle, smooth 
abductor 
vecuronium effects on (abstract), S146 
adductor 
vecuronium effects of (abstract), $146 
intercostal 
differential sensitivity to halothane, in 
kittens, 338 
fatigue, recovery from, aminophylline 
effects on (abstract), 5313 
Myocardial function, see Heart 
Myocardial infarction, see Heart 
Myocardium, see Heart 
Myotoxicity, see Toxicity 
Myringotomy 
see Surgery, otolaryngolic 
see Surgery, pediatric 
Myringotomy tubes, see Equipment 


N-methy]-p-aspartate receptor, see 
Antagonists, miscellaneous 
Nalbuphine, see Analgesics 
Naloxone, see Antagonists, narcotic 
Naltrexone 
see Analgesics 
see Antagonists, narcotic 
Naproxen, see Pain, postoperative 
Narcotics, see Analgesics 
Nausea, see Vomiting 
Needles, see Equipment 
Neostigmine, see Antagonists, 
neuromuscular relaxants 
Nephrotoxicity, see Kidney 
Nerve 
C-fibers 
tonic block, lidocaine effects on, 
clonidine enhancement of, 719 
conduction 
sciatic, bupivacaine, phenol effects on, 
199 
neurolysis 
cancer-related perianal, perineal pain 
treatment with (abstract), $191 
phrenic 
afferents, pericardial 
mechanoreceptors with, in dog 
(abstract), S239 
trigeminal 
neuralgia, capsaicin analgesic effects 
on, 375 
Nerve block, see Anesthetic techniques, 
regional 
Neuralgia, see Complications 
Neurologic, see Complications 
Neurolysis, see Nerve 
Neuromuscular blockade, see 
Measurement techniques 
Neuromuscular relaxants 
atracurium 
oculocardiac reflex effects (letter), 166 
onset, ORG 9426, vecuronium 
compared to (abstract), $351 
rapid intubation, timing technique 
with, thiopental, propofol, 
succinylcholine versus (abstract), 
S206 
recovery from, repeated bolus versus 
infusion, 519 
residual neuromuscular block, 
lidocaine effects on (abstract), $171 
resistance to, betamethasone-induced, 
vecuronium compared to, 762 
response to, edrophonium, 
neostigmine effects on (abstract), 
S289 
doxacurium 
age factors and (abstract), $252 
dose-response relationship, age 
factors and, 845 
negative inotropism of (abstract), 5179 
neostigmine reversal of, age factors 
and, 845 
mivacurium 
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pediatric, dose response in infants 
(abstract), $115 
pediatric, infusion in infants 
(abstract), 5116 
repeated injection or infusion, dose- 
response relationship and 
neuromuscular blockade after, 420 
ORG 9426 
intubating conditions with, 
succinylcholine compared to 
(abstract), $210 
intubation conditions after 
administration (abstract), 5242 
intubation conditions after 
administration, during nitrous 
oxide-fentanyl-midazolam 
anesthesia (abstract), 5240 
malignant hyperthermia induction 
and (abstract), S350 
onset, atracurium, vecuronium 
compared to (abstract), 5351 
onset times after administration 
(abstract), 5242 
pancuronium 
oculocardiac reflex effects (letter), 166 
pediatric, vecuronium recovery index 
and (abstract), S188 
pipecuronium 
pharmacokinetics and 
pharmacodynamics, in elderly, 841 
priming principle and (abstract), 5129 
vecuronium potentiation induced by 
(abstract), S299 
priming principle 
pipecuronium and (abstract), 5129 
succinylcholine 
coronary artery bypass grafting, time 
of onset of action, vecuronium 
compared to (abstract), $285 
endotracheal intubation, 
hemodynamic and catecholamine 
responses following, vecuronium 
compared to (abstract), 5263 
intubating conditions with, ORG 9426 
compared to (abstract), 5210 
pediatric, CPK level effects (abstract), 
S65 
premedication effects on (abstract), 
5203 
premedication effects on, on muscle 
pains and biochemical changes after 
(abstract), 5204 
prolonged apnea induced by, in 
newborn, plasma cholinesterase 
treatment of, 137 
rapid intubation, thiopental, propofol, 
timing technique with atracurium 
versus (abstract), S206 
suxamethonium 
onset times and intubating conditions 
effects (abstract), 5242 
tropine 
dicarboxyl esters of, anticholinergic 
spectrum of (abstract), 5126 
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vecuronium 
adductor and abductor laryngeal 
muscles and adductor pollicis 
muscle effects (abstract), 5146 
continuous infusion, computer 
assisted, pharmacokinetic 
parameters from (abstract), $88 
coronary artery bypass grafting, 
bradyarrhythmias during, effects on 
(abstract), 5284 
coronary artery bypass grafting, time 
of onset of action, succinylcholine 
compared to (abstract), 5285 
endotracheal intubation, 
hemodynamic and catecholamine 
responses following, succinylcholine 
compared to (abstract), $263 
intraarterial compared to intravenous 
(abstract), 517 
in obese patient, pharmacokinetics 
and pharmacodynamics of, 515 
onset, atracurium, ORG 9426, 
compared to (abstract), 5351 
pediatric, CPK level effects (abstract), 
S65; 
pediatric, recovery index, 
pancuronium effects on (abstract), 
5188 
potentiation of, vecuronium-induced 
(abstract), S299 
recovery from, repeated bolus versus 
infusion, 519 
resistance to, betamethasone-induced, 
atracurium compared to, 762 
sequestration, during extremity 
surgery, thigh tourniquet and 
(abstract), S16 
Neuromuscular transmission 
adenosine 
norepinephrine release from guinea 
pig right atria effects (abstract), 599 
measurement 
Datex neuromuscular transmission 
monitor, stability of, in anesthetized 
infants (abstract), S352 
tetany, 50 Hz and 100 Hz, train-of- 
four ratio and (abstract), $40 
Neuron, see Brain, neuronal oscillations 
Neurosurgical 
see Anesthesia 
see Surgery, neurosurgery 
Neurotensin, see Polypeptides 
Nicardipine 
see Arteries, elastance 
see Heart, ventricle, elastance 
Nimodipine, see Pharmacology, calcium 
channel blockers 
Nitroprusside, see Pharmacology, sodium 
nitroprusside 
Nitrous oxide, see Anesthetics, gases 
Noonan’s syndrome, see Complications 
Norepinephrine, see Sympathetic nervous 
system, catecholamines 
Normosol, see Fluid balance 


Nucleotides, see Metabolism 


Obesity, see Complications 
Obstetrics, see Anesthesia, obstetric 
Oculocardiac reflex, see Reflexes 
Oliguria, see Complications 
Omeprazole, see Gastrointestinal tract, 
stomach, pH 
Ondansetron, see Vomiting, antiemetics 
One-lung ventilation, see Ventilation 
Operating rooms 
do-not-resuscitate orders, 901 
Ophthalmologic surgery, see Surgery 
Opioids 
see Analgesics 
see Pharmacology 
ORG 9426 
see Intubation, tracheal 
see Neuromuscular relaxants 
Organ storage, see Heart, transplantation, 
hypothermic storage 
Organizations 
American Society of Anesthesiologists 
physical status score, unexpected 
intensive care unit admissions and, 
182 
Association of University 
Anesthesiologists 
origins of, 436 
origins of (editorial), 325 
Jehovah’s Witnesses 
recombinant human erythropoietin 
use in (abstract), $167 
Organon 9426, see Neuromuscular 
relaxants, ORG 9426 
Orthopedic surgery, see Surgery 
Outpatient 
see Anesthesia 
see Surgery 
Oximetry, see Measurement techniques 
Oxygen 
consumption 
during hypothermic cardiopulmonary 
bypass, a-stat versus pH-stat 
strategy effects on, 32 
maternal and fetal/placental, during 
spinal anesthesia for cesarean 
section (abstract), $287 
myocardial, during isoflurane-induced 
hypotension, phenylephrine effects 
on, 870 
delivery 
whole-body, during hemodilution and 
deliberate hypotension (abstract), 
5182 
in heart tissue during hypothermic 
storage (abstract), $259 
measurement 
pulse oximetry, patient outcome 
effects (editorial), 177 
metabolism 
myocardial, during ischemia, 
midazolam effects on (abstract), 
5290 
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thiamylal-halothane effects on, during 
hypoxia (abstract), 5214 
oxyhemoglobin dissociation 
during hypothermic cardiopulmonary 
bypass, a-stat versus pH-stat 
strategy effects on, 32 
preoxygenation (abstract), 5224 
radicals 
reduction of, allopurinol effects on 
(abstract), $363 
supplemental 
removal. hypoxemia due to (abstract), 
$45 
tension 
constant positive airway pressure, 
Univent bronchial blocker tube and, 
406 
Oxygen sensors, see Equipment 
Oxyhemoglebin dissociation, see Oxygen 


PAC, see Pa:n, patient-controlled 
analgesia 
Pacing 
see Heart 
see Measurement techniques 
Pain 
antinociception 
duration of, guanfacine, clonidine 
effects on, 712 
cancer 
perianal, perineal, intrathecal 
neurolysis treatment of (abstract), 
5191 
causalgia 
bretylium, lidocaine effects on, 818 
sympathectomy, sympathetic 
denervation documenting after, 599 
central 
allodynialike symptoms, in spinal 
cord injury, mexiletine effects on, 
649 


chronic 
low back, epidural butorphanol effects 
on (abstract), $54 
epidural space injection and (letter), 475 
measurement 
electromyography, noninvasive 
surface (abstract), S1 
patient-controlled analgesia 
fentanyl, epidural compared to 
intravenous, 345 
postoperative 
alfentanil, minimal effective 
concentration (abstract), $330 
arthroscopic surgery, ketorolac effects 
on (abstract), 5181 
arthroscopic surgery, naproxen effects 
on (abstract), $255 
cancer, transdermal fentanyl effects on 
(abstract), S208 
cesarean section, fentanyl effects on, 
653 
cholecys-ectomy, fentanyl effects on 
(abstract), S247 
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diamorphine, epidural (letter), 468 

inguinal herniotomy, lidocaine, pre- 
and postincisional comparisons in, 
495 

ketorolac effects on (abstract), S328 

lidocaine, intrathecal, morphine and 
(abstract), 525 

lumpectomy, intercostal nerve block 
versus general anesthesia (abstract), 
512 

morphine, efficacy and safety, 
tramadol compared to, 510 

morphine, epidural (letter), 468 

morphine, intrathecal, lidocaine and 
(abstract), $25 

morphine, intrathecal, small 
community hospital and (abstract), 
S71 

morphine-bupivacaine; epidural, low 
dose, after abdominal surgery, 362 

nausea and vomiting and, in 
outpatient anesthesia (abstract), 
9233 

orthopedic surgery, transdermal . 
fentanyl effects (abstract), S250 

patient-controlled analgesia, 
bupivacaine, iliac crest donor site 
perfusion, 145 

patient-controlled analgesia, 
buprenorphine-bupivacaine- 
epinephrine versus fentanyl- 
bupivacaine-epinephrine, cesarean 
section and, 226 

patient-controlied analgesia, fentanyl, 
epidural, placebo PCA and 
(abstract), S355 

patient-controlled analgesia, fentanyl- 
bupivacaine-epinephrine versus 
buprenorphine-bupivacaine- 
epinephrine, cesarean section and, 
226 

patient-controlled analgesia, fentanyl- 
bupivacaine-epinephrine versus 
sufentanil-bupivacaine-epinephrine 
(abstract), 546 

patient-controlled analgesia, IV versus 
epidural, in vascular surgery 
(abstract), $39 

patient-controlled analgesia, 
morphine, nausea symptom-therapy 
scores, promethazine effects on, 735 

patient-controlled analgesia, opiates, 
epidural (abstract), $44 

pediatric, morphine, epidural versus 
IV (abstract), $9 

pediatric, open heart surgery, 
analgesic dosing patterns (abstract), 
5245 , 

tramadol, efficacy and safety, 
morphine compared to, 510 

propofol-induced 

hand, tourniquet, lidocaine effects on, 
250 

reduction of (letter), 315 


vein, lidocaine effects on, 246 
Pancuronium, see Neuromuscular 
relaxants 
Paramedics, see Manpower 
Parasympathetic nervous system 
carbachol 
phasic responses to, in guinea pig 
trachea, halothane, enflurane 
inhibition of, 89 
glycopyrrolate 
preoperative, route of administration 
effects (abstract), 524 
Paresis, see Complications, diaphragmatic 
paresis 
Patent ductus arterlosus, see Heart, 
congenital defects 
Patient-controlied analgesia 
see Pain 
see Pain, postoperative 
Pediatrics 
see Anesthesia, pediatric 
see Hypnotics 
see Intensive care 
see Surgery, pediatric 
Pentobarbital, see Anesthetics, 
intravenous 
Perfusion, see Brain, blood flow 
Pericardium, see Heart 
PET, see Measurement techniques, 
tomography, positron emission 
pH 
see Acid-base equilibrium 
see Gastrointestinal tract, stomach 
Pharmacodynamics 
alfentanil 
GI87084B compared to (abstract), $113 
G187084B 
alfentanil compared to (abstract), 5113 
halothane 
thiopental effects on, 542 
pipecuronium 
in elderly, 841 
propofol 
high dose (abstract), 5143 
vecuronium 
in obesity, 515 
Pharmacokinetics 
bupivacaine 


intrathecal, epinephrine effects on, 
664 


isoflurane 
sevoflurane compared to, 241 
lidocaine 
as long-acting agent, liposome 
encapsulation and, 827 
morphine 
intrathecal, epinephrine effects on, 
664 
nifedipine, 809 
pipecuronium 
in elderly, 841 
propofol 
in children (abstract), 5160 
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evaluation, by computer simulation 
(abstract), $338 
induction, modeling of (letter), 317 
sevoflurane 
isoflurane compared to, 241° 
vecuronium 
computer-assisted continuous infusion 
and (abstract), S88 
in obesity, 515 
volatile anesthetics 
age factors in (abstract), S309 
Pharmacology 
aminophylline 
recovery from intercostal muscles 
fatigue effects (abstract), 5313 
caffeine 
contracture test, skeletal muscle 
sensitivity to, malignant 
hyperthermia and, 105 
calcium channel blockers 
BAY K8644 (abstract), 518 
BAY K8644, dexmedetomidine 
hypnotic-anesthetic action effects, 
884 
BAY K8644, halothane-induced 
impairment of calcium current 
effects, 865 
binding to rat brain membranes, 
halothane depression of, 758 
halothane depression of myocardial 
calcium current effects (abstract), 
S18 
nicardipine, hypertension after 
coronary artery grafting (abstract), 
930 


nimodipine, bupivacaine toxicity 
reduction by, 851 
nimodipine, cerebral protective 
effects, in prolonged hypothermic 
circulatory arrest (abstract), $199 
ryanodine, nitrous oxide effects on 
cardiac contractility and, 575 
tetrodotoxin, lidocaine C-fiber action 
potential effects and, 719 
verapamil, dexmedetomidine 
hypnotic-anesthetic action effects, 
884 
fenoldopam 
cardiovascular function during 
induced hypotension by, 72 
isoflurane 
in healthy patients, sevoflurane 
compared to, 241 
opioids 
epidural, patient-controlled analgesia 
(abstract), S44 i 
sevoflurane 
in healthy patients, isoflurane 
compared to, 241 
sodium nitroprusside 
cardiovascular function during 
induced hypotension by, 72 
hypertension effects, after coronary 
artery grafting (abstract), 530 


ANESTH ANALG 
1992;74:971-1000 


hypertension effects, after coronary 
artery grafting, nifedipine compared 
to, 809 
hypotension induction, trimethaphan 
combined with (letter), 781 
in thoracic aortic cross clamping, 
esmolol compared to (abstract), 
5258 
tachyphylaxis 
lidocaine, 358 
Phenobarbital, see Hypnotics, barbiturates 
Phenylephrine, see Sympathetic nervous 
system, pharmacology 
Phosphodiesterase inhibitors, see 
Enzymes 
Phrenic nerve, see Nerve 
Physical status 
American Society of 
Anesthesiologists physical status 
score, 181 


Piroxicam, see Analgesics 
Plasminogen activator, see Blood, 
coagulation 
Plastic surgery, see Surgery 
Platelets, see Blood 
Polypeptides 
angiotensin 
hemodynamic response to aortic cross 
clamping and (abstract), 5108 
angiotensin converting enzyme 
inhibitors 
angioedema associated with 
intubation induced by, 602 
f-endorphins 
naltrexone, levels, naltrexone effects 
on (abstract), $125 
glutathione 
post-ischemic fiber shortening in dog 
hearts effects (abstract), 5170 
neurotensin 
suppressive effects on fentanyl- 
induced muscle rigidity (abstract), 


on incidence of vasovagal response to 
venous cannulation (abstract), $244 
lateral 
hypoxic pulmonary vasoconstriction 
in single-lung anesthesia in 
(abstract), S100 
lateral decubitus 
pacing in, noninvasive (abstract), 56 
prone 
in mechanical ventilation for acute 
respiratory failure after cardiac 
surgery (abstract), 538 
in retropubic prostatectomy, venous 
air embolism during, 151 
Trendelenburg 
serum catecholamine and 


hemodynamics effects (abstract), 
5274 
Positive airway pressure, see Ventilation 
Positron emission tomography, see 
Measurement techniques, 
tomography 
Postanesthesia care unit 
complications occurring in, 503 
Potassium, see lons 
Potency, anesthetic 
alfentanil 
minimal effective concentration, for 
postoperative pain relief (abstract), 
5330 


fentanyl (abstract), 5111 
MAC 


halothane, fentanyl effects on, 856 
halothane, head injury effects on 
(abstract), $282 
halothane, reduction, dose 
dependent, N-methyl-p-aspartate 
receptor agonist and (abstract), $234 
halothane, thiopental reduction of, 
542 
isoflurane, hemodilution with stroma- 
free hemoglobin effects on 
(abstract), S51 
midazolam (abstract), $111 
mirfentanil 
respiratory response to increasing 
CO, and (abstract), $112 
tolerance 
propofol, radiation therapy in children 
and (abstract), $278 
Pregnancy 
lidocaine seizure threshold and, 57 
Premedication 
atropine 
myocardial contractility effects, in 
children, during halothane 
anesthesia (abstract), $139 
oculocardiac reflex prevention (letter), 
166 
pediatric, oral and intramuscular, 
clinical effects and plasma levels 
(abstract), $109 
capsaicin 
propofol-induced hemodynamic 
effects and (abstract), S305 
cardiovascular drugs 
anesthetic drug interaction with 
(abstract), 252 
diazepam 
pediatric, oral, midazolam compared 
to (abstract), $334 


dental outpatient, efficacy and safety 
(abstract), S68 
midazolam 
pediatric, oral, diazepam compared to 
(abstract), $334 
succinylcholine effects of 
(abstract), $203 
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on muscle pain and biochemical 
changes (abstract), 5204 
Preoperative evaluation, see Anesthesia 
Preoxygenation, see Oxygen 
Priming principle, see Neuromuscular 
relaxants 
Priming solutions, see Surgery, 
cardiovascular, cardiopulmonary 
bypass 
Procaine, see Anesthetics, local 
Prochloroperazine, see Vomiting, 
antiemetics 
Prolonged surgery, see Surgery 
Promethazine l 
see Vomiting, antiemetics 
see Vomiting, nausea, morphine- 
associated 
Prone position, see Position 
Propofol 
see Anesthetics, intravenous 
see Induction, anesthesia 
see Potency, anesthetic, tolerance 
Prostaglandins, see Hormones 
Prostatectomy, see Surgery, urologic 
Protamine, see Blood, coagulation 
Protein 
albumin 
platelet function effects, in 
cardiopulmonary bypass, 219 
guanine-nucleotide binding 
ribosylation, dexedetomidine action 
effects (abstract), S57 
Pruritus, see Complications 
Pseudocholinesterase, see Enzymes 
Psychological] responses 
to morphine analgesia 
assessment of (abstract), S221 
Psychomotoric function, see Recovery, 
cognitive and psychomotoric 
function 
Publications 
cross-reference index (letter), 906 
filing systems (letter), 906 
jargon (letter), 779 
journals 
book review, reader's response to 
(letter), 312 
clinical trials from, power and sample 
size calculations in (abstract), S337 
quality of, 116 
reporting in, methodological, appraisal 
of (abstract), S195 
Pulmonary artery catheterization, see 
Complications, catheterization 
Pulse oximetry, see Measurement 
techniques 
Pulse rate, see Heart 
Pupil, see Eye 
Pyloromyotomy, see Surgery, pediatric 


R wave, see Monitoring, 
electrocardiography 

Radiation therapy, see Complications 

Radiology, see Complications, diagnosis 
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Ranitidine, see Histamine 
Receptors 
adenosine 
A2, rat, molecular cloning and 
expression of (abstract), $237 
adrenergic 
hemodynamic response to aortic cross 
clamping and (abstract), 5108 
histamine 
cerebral, ranitidine affinity for (letter), 
476 
mechanoreceptors 
pericardial, with phrenic afferents, in 
dog (abstract), $239 
opioid 
antinociceptive interactions between 
intrathecal morphine and 
bupivacaine effects, 726 
Records 
anesthesia 
automated (abstract), S79 
computer-assisted validation of 
observer-recorded data in patients 
receiving intravenous sedation 
(abstract), S359 
anesthesia/quality assessment 
optically scanned (abstract), 5118 
Recovery 
cerebral blood flow velocity and 
(abstract), $186 
cognitive and psychomotoric function 
midazolam, diazepam effects on, 265 
propofol effects on (abstract), $272 
dexmedetomidine 
atipamezole effects on (abstract), 53 
esmolol effects (abstract), S102 
flumazenil effects on (abstract), 5241 
hemoglobin saturation and (abstract), 
S156 
isoflurane effects on 
sevoflurane compared to, 241 
mivacurium, in infants (abstract), $116 
outpatient surgery 
preoperative preparation, therapeutic 
suggestion effects on (abstract), 
5227 
patients’ preferences (abstract), 5225 
sevoflurane effects on 
isoflurane compared to, 241 
vecuronium 
pediatric, pancuronium effects on 
(abstract), 5188 
Reflex sympathetic dystrophy, see 
Sympathetic nervous system, 
dystrophy 
Reflexes 
autonomic 
dysfunction, in cardiac surgery 
patients, hypotension at induction 
and (abstract), $174 
eye 
pupillary light, mild hyperthermia 
effects on (abstract), 5207 


pupillary light, propofol effects on 
(abstract), $21 
oculocardiac 
heart rate and (letter), 166 
spinal 
monosynaptic, in neonatal rats, 
halothane, enflurane, isoflurane, 
sevoflurane effects on (abstract), 
5324 
Regional anesthesia, see Anesthetic 
techniques 
Renal, see Kidney 
Reperfusion arrhythmias, see Heart, 
arrhythmias 
Reperfusion injury, see Lung, injury, 
ischemia-reperfusion 
Reporting, see Publications 
Research 
power and sample size calculations in 
(abstract), 5337 
surgical patients’ attitudes (abstract), 
5209 
Residents 
see Education 
see Manpower 
Respiratory failure, see Lung 
Rhabdomyosarcoma, see Complications 
Rheology, see Blood 
Rhizotomy 
see Surgery, neurologic 
see Surgery, pediatric 
Ringer’s solution, see Fluid balance 
RNA, see Metabolism, mRNA 
Rolipram, see Enzymes, 
phosphodiesterase inhibitors 
Ropivacaine, see Anesthetics, local 
Ryanodine, see Pharmacology, calcium 
channel blockers 


Saline 
see Fluid balance 
see lons 
Sarcoplasmic reticulum, see Muscle, 
skeletal 
Sciatic nerve, see Nerve, conduction 
Scopolamine, see Vomiting, antiemetics 
Secobarbital, see Anesthesia, intravenous 
Sedatives, see Hypnotics 
Seizure, see Complications, convulsions 
Seizure threshold, see Brain 
Self-extubation, see Complications 
Sevoflurane, see Anesthetics, volatile 
Shivering, see Complications 
Shock 
hypovolemic 
resuscitation, free polymerised 
hemoglobin versus 
hydroxyethylstarch (abstract), 534 
Shunt, see Ventilation 
Skin 
surgical preparation solutions 
hypothermia and (abstract), $276 
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Small bowel obstruction, see 
Complications 
Sodium, see lons 
Sodium nitroprusside, see Pharmacology 
Solubility 
lipids 
iophendylate, epidural anesthesia and 
(abstract), $119 
Sore throat, see Complications 
Spectral edge frequency, see Monitoring, 
electroencephalography 
Spectrometers, see Equipment, mass 
spectrometers 
Spectroscopy, see Measurement 
techniques 
Sphincter of Oddi spasm, see 
Complications 
Spinal anesthesia, see Anesthetic 
techniques 
Spinal catheters, see Equipment, catheters 
Spinal cord 
evoked potentials 
monitoring, pediatric, neurogenic 
tumor removal and, 460 
injury 
allodynialike symptoms in, mexiletine 
effects on, 649 
Spinal fusion, see Surgery, pediatric 
Spinal reflexes, see Reflexes 
Spinal trauma, see Complications, trauma 
ST segment, see Monitoring, 
electrocardiography 
Staurosporine, see Enzymes, protein 
kinase C inhibitors 
Stellate ganglion 
see Anesthetic techniques, regional 
see Surgery, neurologic, ganglionectomy 
see Sympathetic nervous system 
Stenosis, see Complications 
Stethoscope, see Equipment 
Stomach, see Gastrointestinal tract 
Strabismus, see Surgery, ophthalmologic 
Stress response, see Complications 
Subarachnoid space, see Anesthetic 
techniques, spinal, butorphanol 
Succinylcholine 
see Neuromuscular relaxants 
see Premedication 
Sufentanil, see Analgesics 
Superior sagittal sinus, see Brain 
Surgeons 
personality parameters and clinical 
expectations (abstract), S55 
Surgery 
cardiovascular 
p-adrenergic receptor of lymphocytes, 
desensitization effects, 212 
brain dysfunction in elderly after 
(abstract), $137 
cardiopulmonary bypass, autologous 
blood after, hemostatic and 
thrombelastograph parameters 
effects (abstract), S348 
cardiopulmonary bypass, electrical 
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activity during, myocardial 
infarction and (abstract), 5149 
cardiopulmonary bypass, hematocrit 
during, STAT-CRIT compared to 
conventional (abstract), $283 
cardiopulmonary bypass, heparin 
during, activated clotting time and, 
201 
cardiopulmonary bypass, 
heparinization during, adequacy of, 
measurement of (abstract), S341 
cardiopulmonary bypass, 
hypothermic, low-flow, cerebral 
blood flow during (abstract), 5267 
cardiopulmonary bypass, jugular 
venous oxyhemoglobin saturation 
monitoring during, (editorial) 627, 
630 
cardiopulmonary bypass, low flow, 
cerebral blood flow velocity patterns 
during, hysteresis behavior and 
(abstract), S81 
cardiopulmonary bypass, noninvasive 
cerebral optical spectroscopy during 
(abstract), 5292 
cardiopulmonary bypass, 
oxyhemoglobin dissociation and 
oxygen consumption during, a-stat 
versus pH-stat strategy effects on, 
32 
cardiopulmonary bypass, pediatric, 
hypothermic, cerebral pressure- 
blood velocity relationship during, 
636 
cardiopulmonary bypass, priming 
solutions, platelet function effects, 
219 
coronary artery, ventricular function 
after, acute volume loading effects 
on (abstract), $326 
coronary artery bypass, 
bradyarrhythmias, vecuronium 
effects on (abstract), $284 
coronary artery bypass, cognitive and 
neurologic function after (abstract), 
$215 
coronary artery bypass, hypertension 
following, nifedipine effects on, 
sodium nitroprusside compared to, 
809 
coronary artery bypass, isoflurane/ 
fentanyl suppression of 
sympathetic-endocrine responses to 
noxious stimuli in (abstract), $198 
coronary artery bypass, myocardial 
` infarction onset and triggers during 
(abstract), S150 
coronary artery bypass, prolonged 
bypass times, desmopressin effects 
on blood loss and transfusion 
therapy (abstract), $212 
electrocardiographic R wave changes 
during, 26 
explicit and implicit memory and mid- 


latency auditory evoked potentials 
during (abstract), 5269 
neurologic outcome, age factors in 
(abstract), 5310 
pediatric, angioplasty, aortic 
coarctation, cerebrovascular 
circulation effects (abstract), S27 
pediatric, catheterization, internal 
jugular vein, 688 
pediatric, open heart, analgesic dosing 
after (abstract), $245 
pediatric, transcatheter closure of 
atrial septal defect, cerebrovascular 
circulation effects (abstract), S28 
pediatric, umbrella occlusion of patent 
ductus arteriosus, cerebrovascular 
circulation effects (abstract), S29 
transcatheter closure of atrial septal 
defect, 44 
cholecystectomy 
laparoscopic, cardiopulmonary effects 
(abstract), $8 
laparoscopic, opioids, sphincter of 
Oddi spasm induced by, 
nalbuphine reversal of, 308 
laparoscopic, pulmonary function 
following (abstract), 5286 
laparoscopic, pulmonary function 
following, age effects on (abstract), 
5321 
postoperative pain relief, fentanyl, 
transdermal (abstract), 5247 
ventilation and body temperature 
during, laparoscopic versus open 
(abstract), 5340 
gynecologic 
nausea and vomiting after, 
ondansetron effects on (abstract), 
S202 
patient-controlled analgesia, 
morphine, nausea symptom-therapy 
scores, promethazine effects on, 735 
herniotomy 
inguinal, postoperative pain relief, 
lidocaine, pre- and postincisional, 
495 
laparoscopy 
cholecystectomy, cardiopulmonary 
effects (abstract), S8 
cholecystectomy, opioids, sphincter of 
Oddi spasm induced by, 
nalbuphine reversal of, 308 
cholecystectomy, pulmonary function 
following, age effects on (abstract), 
$321 
cholecystectomy, pulmonary function 
following (abstract), $286 
cholecystectomy, ventilation and body 
temperature during, versus open 
cholecystectomy (abstract), S340 
outpatient, ketorolac, dezocine as 
alternatives to fentanyl in (abstract), 
S67 
laser 
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anesthetic considerations for, 424 
fire, rapid extubation in, rubber 
versus plastic endotracheal tubes for 
(abstract), S300 
lumpectomy 
postoperative pain, intercostal block 
versus zeneral anesthesia (abstract), 
S12 
miscellaneous 
cardiac preoperative evaluation for, 
586 
neurologic 
craniotomy, clonidine and total 
intravenous anesthesia during 
(abs:ract), $151 
ganglionectomy, bilateral stellate, 
- general anesthesia, atrioventricular 
conduction effects (abstract), S260 
rhizotomy, trigeminal, plasma 
catecholamine concentrations and 
(abstract), $217 
ophthalmologic 
cataract, sedation, in elderly, 
anesthetic drug comparisons in 
(abstract), 5164 
paracentesis/enucleation of eyeball, 
vomiting assoicated with, ethanol 
and (letter), 170 
strabismus, oculocardiac reflex, 
prevention, atropine for (letter), 166 
strabismus, pediatric, vomiting, 
postoperative, propofol effects on 
(abstract), $131 
orthopedic 
arthroplasty, supraventricular 
tachyarrhythmias during (abstract), 
5154 
arthroscopy, ketorolac postoperative 
pain and narcotic dose effects 
(abstract), S181 
arthroscopy, nausea and vomiting, 
narcotic effects on (abstract), S19 
arthroscopy, postoperative pain, 
naproxen effects on (abstract), $255 
arthroscopy, postoperative pain relief, 
bupivacaine, morphine effects on, 
822 
arthroscopy, shivering after, warming 
covers effects on (abstract), S298 
fentanyl, intradermal, for 
postcperative pain (abstract), 5250 
fentanyl, transdermal, postoperative 
analgesia and plasma levels effects 
(abstract), S31 
otolaryngolic 
myringotomy, ketorolac, 
acetaminophen comparisons in 
{abstract}, S343 
outpatient 
outcome, preoperative preparation, 
therapeutic suggestion effects on 
(abstract, $227 
prolonged stay, propofol effects on 
(abstract, 5291 


998 SUBJECT INDEX 


unexpected admissions in ambulatory 
surgical center (abstract), 5312 
pediatric 
angioplasty, aortic coarctation, 
cerebrovascular circulation effects 
(abstract), 527 
glucose concentrations, apple juice 2-3 
hours perioperative effects on 
(abstract), S346 
myringotomy, ketorolac, 
acetaminophen comparisons in 
(abstract), 5343 
open heart, analgesic dosing patterns 
after (abstract), 5245 
pyloromyotomy, emptying stomach 
by endoscopy before (letter), 315 
rhizotomy, dorsal, morphine, 
butorphanol postoperative analgesia 
(abstract), $175 
spinal fusion, complications, ICU and 
(abstract), S268 
spinal fusion, opioid administration 
via intrathecal catheter for 
(abstract), 5306 
transcatheter’ closure of atrial septal 
defect, cerebrovascular circulation 
effects (abstract), 528 
umbrella occlusion of patent ductus 
arteriosus, cerebrovascular 
circulation effects (abstract), $29 
plastic 
anesthesiologist and equipment 
position in (letter), 477 
prolonged 
fluoride levels during and after, 
halothane, isoflurane effects on, 236 
thoracic 
pediatric, neurogenic tumor removal, 
evoked potential monitoring, 460 
pediatric, postoperative analgesia, 
morphine, butorphanol (abstract), 
$177 
urologic 
prostatectomy, retropubic, venous air 
embolism during, 151 
vascular 
aortic, infrarenal, anesthetic effects on 
renal function during, 481 
patient-controlled analgesia, IV versus 
epidural (abstract), $39 
peripheral, desflurane safety and 
efficacy in, (abstract), 584 
Suxamethonium, see Neuromuscular 
relaxants 
Swan-Ganz catheter, see Equipment, 
catheters > 
Sweat test, see Measurement techniques 
Sympathectomy, see Sympathetic nervous 
system 
Sympathetic blockade 
interpleural block 
unilateral bronchospasm after, 291 
Sympathetic nervous system 
a-adrenergic receptor antagonists 


phenylephrine, myocardial blood flow 
or oxygen delivery during 
isoflurane-induced hypotension 
effects, 870 
tizanidine, intrathecal, analgesic and 
hemodynamic effects (abstract), 
5200 
urapidil, blood pressure control, 
during aortic cross-clamping 
(abstract), 5339 
urapidil, hemodynamic effects, in 
chronically instrumented dogs with 
coronary artery occlusion (abstract), 
9356 
urapidil, hypertension after coronary 
artery grafting effects (abstract), 530 
B-adrenergic receptor 
lymphocyte, desensitization of, 
cardiac surgery and, 212 
f-adrenergic receptor antagonists 
esmolol-induced hypotension and 
(abstract), 564 
C-fibers 
hyperpolarization, clonidine, lidocaine 
effects and (abstract), S106 
catecholamines 
exogenous, effect on plasma 
concentration measurement 
(abstract), 5345 
norepinephrine, 3,4- 
dihydroxyphenylglycol overflow in 
myocardium, ketamine effects on 
(abstract), S53 
norepinephrine, release from giunea 
pig right atria, adenosine effects on 
(abstract), S99 
plasma concentrations, before and 
after trigeminal rhizotomy 
(abstract), S217 
responses, following endotracheal 
intubation using succinylcholine 
versus vecuronium (abstract), $263 
sensitivity to, cardiac surgery effects 
on, 212 
serum levels, Trendelenburg position 
effects on (abstract), $274 
dystrophy 
reflex sympathetic, bretylium, 
lidocaine treatment of, 818 
reflex sympathetic, ketorolac 
intravenous regional block in 
treatment of, 139 
reflex sympathetic, unresponsive to 
stellate ganglion block, brachial 
plexus block for (abstract), $77 
pharmacology 
angiotensin-converting enzyme 
inhibitors, hemodynamic effects of 
anesthesia and, 805 
atipamezole, dexmedetomidine 
antagonism (abstract), 53 
bretylium, reflex sympathetic 
dystrophy effects, 818 
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clonidine, analgesic effects, sufentanil 
and (abstract), $211 

clonidine, antinociception, toradol 
effects on (abstract), S246 

clonidine, antinociception, ventilatory 
and hemodynamic effects, 712 

clonidine, C-fiber effects, after 
hyperpolarization, lidocaine and 
(abstract), 5106 

clonidine, intracranial surgery and 
(abstract), $151 

clonidine, lidocaine axillary block and 
(abstract), S107 

clonidine, lidocaine C-fiber action 
potential effects and, 719 

dexmedetomidine, atipamezole effects 
on (abstract), $3 

dexmedetomidine, free intracellular 
calcium surge effects in astrocytes 
and neurons (abstract), $368 

dexmedetomidine, G protein 
ribosylation effects (abstract), 557 

dexmedetomidine, hypnotic-anesthetic 
effects, calcium channel blocker 
effects on, 884 

dexmedetomidine, rolipram, cyclic 
AMP effects on (abstract), S56 

dexmedetomidine, shivering from 
halothane anesthesia effects 
(abstract), S264 

dexmedetomidine, synaptic 
transmission in canine stellate 
ganglion effects (abstract), $261 

dopamine, renal blood flow effects, 
ultrasound assessment (abstract), 
S11 

enalapril, angioedema associated 
with, 602 

epinephrine, bupivacaine, morphine 
uptake and distribution effects, 664 

epinephrine, fentanyl-bupivacaine 
with, versus sufentanil-bupivacaine 
with (abstract), S46 

epinephrine, fentanyl-bupivacaine 
with, versus sufentanil-bupivacaine 
with or without, for labor (abstract), 
547 

epinephrine, lidocaine axillary block 
and (abstract), $107 

esmolol, cardioprotection (abstract), 
$303 

esmolol, emergence and extubation 
and (abstract), 5102 

esmolol, in thoracic aorta cross 
clamping, sodium nitroprusside 
compared to (abstract), 5258 

esmolol, intravenous, as substitute for 
alfentanil (letter), 776 

guanfacine, antinociception, 
ventilatory and hemodynamic 
effects, 712 

idazoxan, guanfacine antinociception 
effects and, 712 

phenylephrine, for hypotension in 
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high risk parturient, during 
cesarean section (abstract), S367 
phenylephrine, right ventricular 
performance effects, coronary artery 
disease and (abstract), $201 
reflex dysfunction 
in cardiac surgery patients, 
hypotension at induction and 
(abstract), S174 
responses to noxious stimuli 
isoflurane/fentanyl suppression of 
(abstract), S198 
stellate ganglion 
Horner’s syndrome, brachial plexus 
anesthesia using axillary catheter 
and (letter), 311 
synaptic transmission in, 
dexmedetomidine effects on 
(abstract), S261 
sympathectomy 
sympathetic denervation after, 
documenting of, 599 
sympathomimetic agents 
vasoconstrictors, cardiovascular 
support during epidural and 
general anesthesia and (abstract), 
S357 
Sympathogalvanic response, see 
Measurement techniques 
Sympathomimetic agents, see Sympathetic 
nervous system 
Synaptic transmission, see Sympathetic 
nervous system, stellate ganglion 
Synaptosomes, see Brain 
Syncope, see Complications 
Syringes, see Equipment 
Systolic function, see Heart, systolic time 
interval 


Tachyarrhythmias, see Heart, arrhythmias 
Takayasu’s disease, see Complications 
Tea, see Acid-base equilibrium 
Telemetry, see Measurement techniques, 
pulse oximetry 
Temperature 
body 
axillary and tympanic, after general 
anesthesia (abstract), $155 
during cholecystectomy, laparoscopic 
versus open (abstract), S340 
leg tourniquet effects on, 486 
monitoring, during limb surgery, 
tourniquet and, 486 
sensation 
assessment of, precordial stethoscope 
for (letter), 931 
Teratoma, see Complications 
Tetany, see Neuromuscular transmission, 
measurement 
Tetracaine, see Anesthetics, local 
Tetrodotoxin, see Pharmacology, calcium 
channel blockers 
Theories of anesthetic action 
dexmedetomidine hypnotic-anesthetic 


effects, calcium channel blocker effects 
on, 884 
liposome encapsulation 
alfentanil spinal anesthesia effects 
(abstract), S23 
Thiamylal 
see Anesthetics, intravenous 
see Hypnotics 
Thiopental 
see Anesthetics, intravenous 
see Induction, anesthesia 
Thiopentone, see Induction, anesthesia 
Thoracic anesthesia, see Anesthesia 
Thoracic surgery, see Surgery 
Thrombelastograph, see Measurement 
techniques 
Thromboembolism, see Complications 
Thromboxane synthetase inhibitor, see 
Metabolism 
Tidal volume, see Ventilation 
Tizanidine, see Sympathetic nervous 
system, a-adrenergic receptor 
antagonists 
Tomography, see Measurement 
techniques 
Topical anesthesia, see Anesthetic 
techniques 
Topical anesthetics, see Anesthetics, local 
Toradol, see Analgesics 
Tourniquets, see Equipment 
Toxicity 
bupivacaine 
(abstract), S157 
cardiac, 698 
in rats, nimodipine reduction of, 851 
cocaine 
(abstract), S157 
pseudocholinesterase, hepatic 
microsomal enzyme activity and 
(abstract), S158 
halothane 
intravenous liquid, pulmonary edema, 
747 
hepatic 
desflurane and, 570 
lidocaine 
(abstract), S157 
cardiac, 698 
magnesium 
in hemorrhagic hypotension, calcium 
chloride effects on, 670 
myotoxicity 
bupivacaine (letter), 934 
renal 
desflurane and, 570 
trace concentrations 
Candida albicans in medications 
(abstract), S301 
Candida albicans in propofol, thiopental 
compared to (abstract), S302 
Trace concentrations, see Toxicity 
Trachea, see Lung 
Tracheal intubation, see Intubation 
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Train-of-four, see Measurement 
techniques, neuromuscular blockade 
Training, see Education 
Tramadol, see Analgesics 
Transducers, see Equipment 
Transfusion 
autologous 
after cardiopulmonary bypass, 
hemostatic and thrombelastograph 
parameters effects (abstract), 5348 
autotransfusion 
shed mediastinal blood compared to 
stored blood (abstract), 5265 
after coronary artery bypass 
desmopressin and (abstract), S212 
dextran 
plasminogen activator effects 
(abstract), S90 
Transillumination, see Veins, 
venipuncture 
Transplantation, see Individual organ 
Trauma, see Complications 
Trendelenburg position, see Position 
Trigeminal, see Nerve 
Trimethaphan, see Anesthetic techniques, 
hypotensive 
Tropine, see Neuromuscular relaxants 
Tubes, see Equipment 
Tumoral calcinosis, see Complications 
Twitch tension, see Muscle, skeletal 


Ultrasound 
see Measurement techniques 
see Monitoring 
Uridine diphosphate glucurony] 
transferase, see Metabolism 
Urine bag filter, see Equipment, filters 
Urology, see Anesthesia, urologic 
Uterus 
blood flow 
ropivacaine, bupivacaine effects on, in 
pregnant ewes, 62 


Vaporizers, see Equipment 
Vascular surgery, see Surgery 
Vasoconstriction, see Lung 
Vasoconstrictors, see Sympathetic nervous 
system, sympathomimetic agents 
Vasodilation 
see Arteries, aortic 
see Blood pressure, hypertension, aortic 
Vasovagal response, see Complications, 
syncope, vasovagal 
Vecuronium 
see Interactions (drug) 
see Neuromuscular relaxants 
Veins 
cannulation 
jugular, complications, 688 
vasovagal response to, patient 
position effects on (abstract), $244 
compliance 
propofol-mediated hypotension and, 
877 
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cranial 
pressure, air embolism and (abstract), 
S104 
jugular 
cannulation, pediatric, 688 
oxygen saturation monitoring during 
cardiac surgery with 
cardiopulmonary bypass, (editorial) 
627, 630 
pain 
propofol-associated, lidocaine effects 
on, 246 
pressure 
monitoring, time averaged signal 
analysis in (abstract), S153 
venipuncture 
pediatric, eutectic mixture of local 
anesthetic cream efficacy in 
(abstract), S82 
transillumination to facilitate, in 
children (letter), 467 
Venipuncture, see Veins 
Ventilation 
artificial 
bronchospasm during, ketamine 
effects on (abstract), 5135 
fiberoptic evaluation of small airways 
with acute respiratory failure during 
(abstract), S317 
time constants, in adult respiratory 
distress syndrome, determination 
of, nonlinear model of lung for 
(abstract), 5134 
weaning from, respiratory function 
after, nasal continuous positive 
airway pressure effects (abstract), 
$243 
carbon dioxide response 
mirfentanil dose response and 
(abstract), S112 
sufentanil effects on, 677 
during cholecystectomy, laparoscopic 
versus open (abstract), 5340 


continuous positive airway pressure 
nasal, respiratory function effects, 
after weaning from mechanical 
ventilation (abstract), 5243 
halothane effects on, 338 
hypercarbic response 
midazolam slow injection effects on, 
260 
one lung 
pacing in, noninvasive (abstract), 56 
positive airway pressure 
constant, endobronchial, Univent 
bronchial blocker tube and, 406 
pressure support 
work of breathing (abstract), 5296 
work of breathing, calculation, neural- 
network based (abstract), 5184 
work of breathing, neural-network 
based calculation of (abstract), 5184 
propofol effects 
in pediatric ambulatory surgery 
(abstract), S162 
resuscitation 
laryngeal mask airway, placement, by 
students, 531 
shunt 
venous, sacrococcygeal teratoma as 
(letter), 165 
tidal volume 
6 versus 12 ml-kg , postoperative 
pulmonary function effects 
(abstract), $145 
Ventricle, see Heart 
Verapamil, see Pharmacology, calcium 
channel blockers 
Vials, see Equipment 
Viscosity, see Blood 
Volume, see Lung 
Volume loading, see Fluid therapy 
Vomiting 
alfentanil-associated 
droperidol, midazolam effects on 
(abstract), 5238 
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antiemetics 
droperidol, alfentanil-associated 
emesis effects (abstract), 5238 
droperidol, morphine patient- 
controlled analgesia nausea effects, 
735 
droperidol, pediatric, tonsillectomy, 
adenoidectomy (abstract), 5124 
metoclopramide, thiopental hypnotic 
requirements effects (abstract), S205 
ondansetron, after gynecologic 
surgery (abstract), S202 
ondansetron, cancer therapy and 
(letter), 473 
ondansetron, cardiovascular stability 
with (abstract), S52 
prochloroperazine, buccal route of 
administration (letter), 937 
promethazine, morphine patient- 
controlled analgesia nausea effects, 
735 
propofol as (abstract), 533 
scopolamine, morphine patient- 
controlled analgesia nausea effects, 
735 
narcotics and 
outpatient surgery and (abstract), 519 
nausea 
morphine-associated, promethazine 
effects on, 735 
propofol subhypnotic dose effects on, 
539 
nitrous oxide and (abstract), $311 
pain as cause of 
in outpatient anesthesia (abstract), S233 
after strabismus surgery, pediatric 
propofol and (abstract), 5131 


Wada test, see Measurement techniques 
Warming covers, see Equipment 
Work of breathing, see Ventilation, 


pressure support 


Now for heart rate control during atrial fibrillation and flutter 
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(diltiazem ¥ hydrochloride} 
BOLUS /INFUSION 
_J 
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GAINS HEART RATE 





CONTROL QUICKLY... 


ire Cardizem Injectable is indicated for temporary control of rapid ventricular rate during atrial 
495/A8113 fibrillation and flutter; rarely converts to normal sinus rhythm. POSER 


Please the see brief summary of prescribing information on an adjacent page. 





24-HOUR 
CONTROL 





Should be used with continuous monitoring of ECG and blood peoa to avoid 
hypotension or bradycardia. Infusion rate/dose should be regulated accordingly. 
A defibrillator and emergency equipment should be readily available. 
CIVAH495/A81 13 
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For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 











FAST 


æ 3-minute onset of action from first bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration’ 
æ |- to 3-hour duration of action with bolus 


SAFE 


m 4.3% incidence of asymptomatic hypotension" 

m 3.2 % incidence of symptomatic hypotension’ * 

m 3.9% incidence of injection site reaction’ 

m 1.7% incidence of flushing” 

m Little negative inotropic effect" 

m Do not use in Af/Fl patients with WPW or short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia. 


CONTINUOUS CONTROL 


m Heart rate control through infusion for up to 24 hours’? 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; rarely converts to normal sinus rhythm. 


“Occurs most often during or immediately following bolus injection. 
tCaution should be used in patients with congestive heart failure. 


























Please see the brief summary of prescribing information on an adjacent page. 6493E2 








CONVENIENT DOSAGE 





BOLUS: 0.25 mg/kg 


actual body weight 
over 2 minutes 


BOLUS: 0.35 mg/kg 


actual body weight 
over 2 minutes 


INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
starting infusion for some 





20 mg average patient 25 mg average patient patients. 
BRIEF SUMMARY sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
CARDIZEM® Injectable table. As such, the initial use of CARDIZEM Injectable should be, if 
(diltiazem hydrochloride) possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/defibrillation, are present (see OVERDOSAGE). Once 
INDICATIONS AND USAGE familiarity of the patient's response is established, use in an office setting 


CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 

. Atrial Fibrillation or Atrial Flutter. Temporary control of rapid ven- 
tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 

. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vagal maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in patients 
with atrial fibrillation or atrial flutter or conversion to sinus rhythm in patients 
with PSVT should be undertaken with caution when the patientis compromised 
hemodynamically or is taking other drugs that decrease any or all of the fol- 
lowing: peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

of the ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 

In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 

bolus administration of CARDIZEM Injectable was effective in reducing heart 

rate by at least 20% in 95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM injectable, response 
usually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, it is generally shortlived, but may last from 1 to 3 hours. 

A 24-hour continuous infusion of CARDIZEM Injectable in the treatment of atrial 

fibrillation or atrial flutter maintained at least a 20% heart rate reduction dur- 

ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent. 

In the controlled clinical trials, 3.2% of patients required some form of inter- 

vention (typically, use of intravenous fluids or the Trendelenburg position) for 

blood pressure support following CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 

effective in converting PSVT to normal sinus rhythm in 88% of patients within 

3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in conjunction with 

decreased heart rate or conversion to normal sinus rhythm following adminis- 

tration of CARDIZEM Injectable. 


CONTRAINDICATIONS 


CARDIZEM Injectable is contraindicated in: 

1 . Patients with sick sinus syndrome except in the presence of a functioning 
ventricular pacemaker. 

. Patients with second- or third-degree AV block except in the presence of 
a functioning ventricular pacemaker. 

. Patients with severe hypotension or cardiogenic shock. 

. Patients who have demonstrated hypersensitivity to the drug. 

. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours). 

. Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 
As with other agents which slow AV nodal conduction and do not prolong 
the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 
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may be acceptable. 

7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 
seconds) has resulted in hemodynamic deterioration and ventricular fibril- 
lation. Itis important that an accurate pretreatment diagnosis distinguish 
wide complex QRS tachycardia of supraventricular origin from that of 
ventricular origin prior to administration of CARDIZEM Injectable. 


WARNINGS 


1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely resultin second- or third-degree AV block in sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions). If 
high-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
be discontinued and appropriate supportive measures instituted (see 
OVERDOSAGE). 


. Congestive Heart Failure. Although diltiazem has a negative inotropic 
effect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function and in patients with a com- 
promised myocardium, such as severe CHF, acute MI, and hypertrophic 
cardiomyopathy, have not shown a reduction in cardiac index nor consis- 
tent negative effects on contractility (dp/dt). Administration of oral diltia- 
zem in patients with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicated. Experience with the 
use of CARDIZEM Injectable in patients with impaired ventricular function 
is limited. Caution should be exercised when using the drug in such patients. 

. Hypotension. Decreases in blood pressure associated with CARDIZEM 
Injectable therapy may occasionally result in symptomatic hypotension 
(3.2%). The use of intravenous diltiazem for control of ventricular response 
in patients with supraventricular arrhythmias should be undertaken with 
caution when the patient is compromised hemodynamically. In addition, 
caution should be used in patients taking other drugs that decrease 
peripheral resistance, intravascular volume, myocardial contractility 
or conduction. 


. Acute Hepatic Injury. In rare instances, significant elevations in enzymes 
such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted following oral diltia- 
zem. Therefore, the potential for acute hepatic injury exists following 
administration of intravenous diltiazem. 


. Ventricular Premature Beats (VPBs). VPBs may be present on conver- 
sion of PSVT to sinus rhythm with CARDIZEM Injectable. These VPBs are 
transient, are typically considered to be benign, and appear to have no 
Clinical significance. Similar ventricular complexes have been noted dur- 
ing cardioversion, other pharmacologic therapy, and during spontaneous 
conversion of PSVT to sinus rhythm. 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. The drug should be used with 
caution in patients with impaired renal or hepatic function (see WARNINGS). 

High intravenous dosages (4.5 mg/kg tid) administered to dogs resulted in sig- 
nificant bradycardia and alterations in AV conduction. In subacute and chronic 
dog and rat studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic studies, 

oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver, which were reversible when the drug was discontinued. 
In dogs, oral doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 


Dermatologic events progressing to erythema multiforme and/or exfoliative 
dermatitis have been infrequently reported following oral diltiazem. Therefore, 
the potential for these dermatologic reactions exists following exposure to 
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intravenous diltiazem. Should a dermatologic reaction persist, the drug should 
be discontinued. 

Drug Interactions. Due to potential for additive effects, caution is warranted 
in patients receiving CARDIZEM Injectable concomitantly with any agent(s) 
known to affect cardiac contractility and/or SA or AV node conduction 
(see WARNINGS). 


As with all drugs, care should be exercised when treating patients with multi- 
ple medications. CARDIZEM undergoes extensive metabolism by the 
cytochrome P-450 mixed function oxidase system. Although specific phar- 
macokinetic drug-drug interaction studies have not been conducted with single 
intravenous injection or constant rate intravenous infusion, coadministration 
of CARDIZEM Injectable with other agents which primarily undergo the same 
route of biotransformation may result in competitive inhibition of metabolism. 
Digitalis: Intravenous diltiazem has been administered to patients receiving 
either intravenous or oral digitalis therapy. The combination of the two drugs 
was well tolerated without serious adverse effects. However, since both drugs 
affect AV nodal conduction, patients should be monitored for excessive slowing 
of the heart rate and/or AV block. 

Beta-blockers: Intravenous diltiazem has been administered to patients on 
chronic oral beta-blocker therapy. The combination of the two drugs was gener- 
ally well tolerated without serious adverse effects. If intravenous diltiazem is 
administered to patients receiving chronic oral beta-blocker therapy, the pos- 
sibility for bradycardia, AV block, and/or depression of contractility should be 
considered (see CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. In vitro, propranolol appears to be displaced from its binding sites 
by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and automa- 
ticity as well as the vascular dilation associated with anesthetics may be poten- 
tiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study 
in rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of car- 
cinogenicity. There was also no mutagenic response in vitro or in vivo in mam- 
malian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in a study performed in male and female rats at oral dosages of up 
to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of oral doses ranging from five to ten times 
greater (on a mg/kg basis) than the daily recommended oral antianginal ther- 
apeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at doses of 20 
times the human oral antianginal dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report with oral 
diltiazem suggests that concentrations in breast milk may approximate serum 
levels. If use of CARDIZEM is deemed essential, an alternative method of infant 
feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 


The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/fiutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
in over 1,300 patients was similar. 

Adverse events reported in controlled and uncontrolled clinical trials were gener- 
ally mild and transient. ion was the most commonly reported adverse 
event during clinical trials. Asymptomatic hypotension occurred in 4.3% of 
patients. Symptomatic hypotension occurred in 3.2% of patients. When treat- 
ment for hypotension was required, it generally consisted of administration 
of saline or placing the patient in the Trendelenburg position. Other events 
reported in at least 1% of the diltiazem-treated patients were injection site reac- 
tions (eg, itching, burning)—3.9%, vasodilation (flushing)— 1.7%, and 
arrhythmia (junctional rhythm or isorhythmic dissociation) — 1.0%. 

In addition, the following events were reported infrequently (less than 1%): 


Cardiovascular: Atrial flutter, AV block first degree, AV block second 

degree, bradycardia, chest pain, congestive heart 

failure, sinus pause, sinus node dysfunction, syncope, 

ventricular arrhythmia, ventricular fibrillation, ventric- 

ular tachycardia. 

Pruritus, sweating. 

Constipation, elevated SGOT or alkaline phosphatase, 

nausea, vomiting. 

Nervous System: Dizziness, paresthesia. 

Other: Amblyopia, asthenia, dry mouth, dyspnea, edema, 
headache, hyperuricemia. 

Although not observed in clinical trials with CARDIZEM Injectable, other 

reactions associated with oral diltiazem may occur. 


Product information as of October 1991 


Dermatologic: 
Gastrointestinal: 





References: 1. Cardizem Injectable prescribing information, 
2. Ellenbogen KA, Dias VC, Plumb VJ. Heywood JT, Mirvis 
DM. J Am Coll Cardiol. 1991;18:89 1-897. 
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THAT IS FAST, SAFE, AND CONTINUOUS 
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Significantly improved speed and | 
quality of recovery compared 
with thiopental/isoflurane 











Mean postanesthesia recovery times (min)! 
Thiopental/ 


DIPRIVAN isoflurane 


Duration of anesthesia 85* 57 




























Response to commands E Ae 6.1 
Fully oriented Sa 9.4 
Able to tolerate fluids 61* 130 
“Ready” for discharge 130° 206 





—adapted from Korttila et al, p A564! 


*Statistically significant (P < .05). } 
Measurements taken from time of discontinuation of all maintenance anesthesia. 


E Majority of patients are generally 
awake, responsive, and oriented 
within 8 minutes 


‘secover_ and 
anesthetic control 


Significantly less nausea and vomiting 
than with thiopental isoflurane 


As part of a balanced anesthetic technique, 
DIPRIVAN is a cost-effective alternative 

to thiopental/isoflurane for induction and 
maintenance. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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INJECTION 





Superior 
exceptional 













Maintenance of anesthesia as 
easily controlled as with 
=- Isoflurane 


Sines mae state blood concentra- 
es reprop ortional to rate. of 


Propofol blood 
















2 2 mg/kg 

O 

Q 

o 

a 

Oo 150 ng/kg/minute 

s 

2 

o ‘ 

2 100 ug9/kg/minute Awakening — 
2 | / Responsive 
C 





0 15 30 45 60 75 90 105 120 1 hour postoperatively 
Time (minutes) 


—adapted from Herregods et al, p 364* 
*Significant difference (P< .05) from previous value. 
**P< .02. (Mean and SEM values are shown.) 


After a loading dose of 2 mg/kg, anesthesia was maintained with 150 ug/kg/min for 
30 minutes—then 100 g/kg/min for 90 minutes 


E Total body clearance exceeds 
estimates of hepatic blood flow’ 





i ane a active metabolites produced 


] aniesthetic agents, clearance rate of DIPRIVAN decreases in elderly patients. 


secove:yand 
anesthetic control 


Hemodynamic effects are controllable 
and dose-dependent 


a Blood Sepon (BP) predictably decreases on 
d metimes > 30%) but is within 
fangesror healthy individuals* 


E Hemodynamic effects during induction are 


generally more pronounced than with traditional 
IV induction agents 


After initial decreases in BP following induction, — 
hemodynamics return toward baseline 


The cardiovascular effects of DIPRIVAN may be increased in patients who have received sedative or narcotic premedications.' 
DIPRIVAN is not a narcotic agent 


When used with NoO/O, for maintenance, supplementation with IV analgesic agents is generally required; muscle relaxants may also 
be required. 


Strict aseptic techniques must always be maintained while handling DIPRIVAN. DIPRIVAN is a single-use parenteral product 
and contains no antimicrobial preservatives. DIPRIVAN Injection should be prepared for use just prior to initiation of each 
individual anesthetic procedure. DIPRIVAN Injection should be drawn into sterile syringes immediately after ampules are 
opened. Administration should commence promptly and be completed within 6 hours after the ampules have been opened 


Elderly, debilitated, sree hypovolemic patients, and those rated ASA III/IV, may have more profound adverse 
cardiovascular res 


‘Induction dose Eenes may be reduced. 


Please see last pages of this advertisement for brief summary of prescribing information 


DIPRI VAN 
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For induction and maintenance 


DIPRI VAN 


INJECTION 0 lO 0 0 10 a 


Superior hd 
recovery and a 
exceptional | 
anesthetic corte. 


As part of a balanced anesthetic technique: 
DIPRIVAN is a cost-effective alternative to 
thiopental/isoflurane for induction and 
maintenance. 


E Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane 


E Significantly less nausea and vomiting than with 
thiopental/isoflurane 


m As convenient and as easily controlled as isoflurane 
for maintenance of anesthesia 


References: 1. Korttila K, Faure E, Apfelbaum J, Ekdawi M, Prunskis J, Roizen M. Recovery from propofol versus thiopental-isoflurane in 
patients undergoing outpatient anesthesia. Anesthesiology. 1988;69(3A):A564, Abstract. 2. Wetchler BV. A comparative evaluation of 
recovery following anesthesia with Diprivan® (propofol) by intravenous infusion versus Diprivan® followed by isoflurane versus 
thiopental sodium followed by isoflurane for short surgical procedures. Data on file, Stuart Pharmaceuticals, Wilmington, Delaware. 

3. Sung YF, Reiss N, Tillette T. The differential cost of anesthesia and recovery with propofol- -nitrous oxide anesthesia versus thiopental- 
isoflurane-nitrous oxide. Anesth Analg. 1990;70:S396. Abstract. 4. Herregods L, Rolly G, Versichelen L, Rosseel MT. Propofol combined 
with nitrous oxide-oxygen for induction and maintenance of anaesthesia. Anaesthesia. 1987;42: 360-365. 5. Cockshott ID. Propofol 
(‘Diprivan’) pharmacokinetics and metabolism: an overview. Postgrad Med J. 1985;61(suppl 3): 45-50. 


Please see last pages of this advertisement for brief summary of prescribing information. 


STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 
Wilmington, Delaware 19897 USA 





EMULEION FOR IV ADMURISTRATTON or igat cocta fork sada ogo al pia anesthesia or sedation. Drag inleractions: The 
eel gentler eeprom) Doeve Induction doss ol kjacion mey be reduced in wih intramuscular cr intravenous premedication, 
- al Quseral: Ls a potent secelive bypnodic agent which erica bag kneel Pal roy pose tala patra gt hig i 
pokes useful anesthetic and sacate actions upon the doss and techokque of aciministrsort. factors china droperidol, atc}. These agacae mey the srveethetic or sedathe effects of OFPRIVAN 
consider ischide the types of acd ASA Classification and javai of debala and mary also oki in more peoroenced decreesae in Cstolc, and meen arteria! pressures and cardiac o 
of the patient, ari ellimetely, the does end rte of aiministation ection. of Gose and Ischaique wil or sedation, the ras af scirrigiation shoud be adjusted in the 
8 poteka imararnied side affects. Patients with Souki of anextbedla o mey be seduced in paaga Hempel reige popi, , dhe n or Porn a 
fuidsactuene deGcits corrected pelor t aciministraifos of RPT NRLITiL tind forester ann cao patients under sdminisination of potent Inhadutional agents (ag, lsofuricte, en torasa, sad halothane) 
65 years of aye werd classified ASA | orf] require 2.0 to 2.5 of sop rg at il ober mein Injection has not besa pauned. can seo be expected to locreasa the anesthetic 
with oral benzociazepiers or indrunouscorie ; reek il page ech and carlorsspiretory effects injection. an does not cause a Cinicaly significant change In onset, inter.saty 
40 Ing every 10 seconds) against the naponse of the unti the clinica) siges showr the oneal of anesthesiz. As wiih codia or durafion of action of the EENE | Bangron r pran ponte 
hypnotic agents, the amount of nirean opioid wil the reponse of the to No significant adtversa intera cflons eee arcoetheaia or gadelion Ginetoding a 
an induction dose of DIPRIAM ts Important to be teaniiarwith and ecedenend with the intrevenoos ugs of injection of rawecis miut, inhaletiooa agents, ensigesio agants, end ince! ree been cbsarved. 
before tiderly, ud AGA orl Due to fhe reduced clearance and biood levels, roost ekierly palients aes ary O S eyes atin studies hee xt bar: wth in iio and in vip 
Lot td mos rh ead of OPRAAN for Induction of xossthesia acconding tests to show any poanial for metageniciy by neal csi ths Ames Sainonella t mutation 
to thelr condition and reponses. A tapki bolus should not be used as this will Increase ths ol andoain test, gene comectinn using Saccharnaycss oitis, in iio cytagensii studtes in hamsters and a mouse 
depressiog Inttuding , apata, miconuoaus tant. in female raia at Intravenous dosm ae moig ee a modan 
Miaintsaanta of la: Anasthesia can be matatained by by infusion or keterrolttent TY bolus Lnduction dosa) for 2 weeks below pragrency to dzy 7 of ceetation did not show en paired fortitty In nats wes not aflectad 
Seti eee a E cee acer comme a at Sead Saa Dar ta reant r eia a 
Conana Piima DENAN hacim A sepa bd iva varie rila with nitrous have revealed no evkderice of ferfifty or harm to tee totoe dus fo i beon shown to cause 
aod for pallents inkus oa of DIPRIVAH shoud maiera Geatiee it rats and apd Cacreunes pip during the periodin 15 maovkg hay (or 
the Induction dose k omar to oF continuous Sig e DR altel $ times the recommended human Induction anesthesia) of the drug on the mothers 
fis kiii pasiod the induction dose eer: ig ah to the iret 7 feeponsibie for the adverse effects san in the : are, no we in pregnant 
to 16 minutes. suitoquently be S0%- 50% dering In vite) women. Because animal reproduction stodkes are prodira of human response, t shoud be used during 
Grana ry ba couaoted by ten nainetation © on 2 ate ) aloes _IPRINAN yeeie crosses ta pacarta, and aa yh oder tre 
anesteala tray be by thy of DIPRIVAN In cl eed oeo mg a.) bolnses Injection crosses the placata, and as with otha, the administration of D/PAIAN kafeetinn 
by the batosion rata. ff vite sion changes are after soch as m opioid, mey be assosierte with neonatal depression. Mathers: recommended for ave in mothers 
rga thecany shouid be to thoes reaponses. For miror is because DIPFIVAN has be eo reported to be hueu mik end tes effects uf ore! abeorption of serui amoonts 
body ) nfbous adde can be combined wiih « variable raie CIPRIVAN Infusion to povida are act known. Podari Use: OPRAH fe not recomen Jed fo- use fn and 
ppb Aey Sopplecerixion with ious adde B nxt provided a ween of DTPA NOE cocina Tite CIANA tae Watt eae events vi can es 
z comman 
infection aniio opioids should be Increased in ordez $0 provide ratne always be ftrried dowrwaard Less frequent eraris ase datvad publications and marketing experience i over 8 million palats, 
In tha absence of cinica) cions cl fight ameathesta til a mid menonsa is soid actminigtration data to an accounta of thelr Incidence rates. The adve:ta expeviance from rca eye dea 
of DIPRTVAN injekton at are dang ds raisa cf SO to 100 should be achieved trade is sinter to the prolia extabliehed with D 
i ee y Aat a Inenumenss of DIPATWAN In 25 my (2.5 mL) to 50 pd rather Arall, pel MADERY lind paged coger obstractio, 
mL) may be achningtered with nitrous olga rnin kaha nereenattel botuses ba admisar rr ent eda Cor anen Kvana warta tih oami i more haa of the detail, il injection for 
bon Er E Pors smo habe erage or Bott anesthesia, DIPRNAN hes been used with MAC incited hypotension, nesset, headache, erid ijection site pain or hoteess. feral ie Of adverse everits 
& varisty of agents commonly used ib anesftesla such as stropim, scopolamine, and A E err at itary ope li ped ti foe irc piece studies wars conducted 
condepolartzing manos relpants, and ensigesica, 83 vol as wi: inhsistiooal ansathello agents. in the onpa very ot of procedures and verious 
rapid bolus doses shovid not be used as fis wi increase tifacts adverse events wore mid anid Abie priod mesiras DPRAAR injection 
andios desaturation. Most a reduction of fakes for adults ( < 65 Thay body aysien in order of a | eit OE rana Rea 
yearn) to 2) to 100 (3to 8 DaPRIWAN ls acminiatesred for : cf causality, derived from ollatcal trials. Body ss a Whole: Fers” eas algo 
cinica! reaponses. In most petens the rates of APARAN Spake: 
be appcuxtmatety 2546 of these uted for wneintenance of paoerai anesthesia. During brubletion of MAC Gow lalusion or Dig cettes: hea" ng*, Abdominal Cram i Stie: Pair, : i 
ee AE OETA AT eee oe HA Oe a Duri ee sadston, 4 rats Infusion Cough (ese sho . Side sod : Rash. fochlance of events lp 19-346: to 
E peokacebic over dose aceniruztzation. tn the skierty, ard ASA Hi or TV pants, rapid (toio or repestad) wh; or incidenes Love fren T34- Cassel Prete ne tog Reale at EE 
boies doss admainisivaiion should not be used for MAC sacialion. (Bes WARNINGS } A replied betes Iniaction oet reall z eocesirabis reported in the nok seas i cinica ae ee Disorder, Extrernitios Awareness, 
lar eg ae) bgt pager Clonelea, apaes, £i wey chrirectien andie oxygen cessteration. [niiatien of MAL Chast Pain, increased Nock Pain. 
Sadato: For Of sedation, aiher aa or a stow Injection method may be utikead Ld yews T a Ween ST agmen Deparo 
fncon, Wt en mahe, ce maybe lad by iy OPEN riscon ri 10010 (6 09 B Branch Block, Extrenstole, Myocardial] Heart Block, Atrioventricular Block. 
fora of 3 to 6 minutes and tirain to the level en ee momong function. With Kaross 
for Intdattoa, VETS maa O adimiisiensd over 3 to 5 minutes and tirated to clinical Temos Ag omal Daama Moaning, Rigidity, 
DIPRIAN over 3 to most pellets wil be adequstely sedated end tha Depression. Hypereeitetion, Dry Mouth, Site: Coknesa, 
pak drog stisci cae be echieved whe cwrdorspiniory at high pluaroe fevels. In the aktari, Hyperiperis Herou! 
debiitzted, and AD palana. api or repeated) bokss dose administration act be eed for BAC sociation. See Raegirsiory: Apoes {ses aso CAL PHARMACOLOGY), Upper Obeirnctian, : 
WAPMINGS ) The ats of pol irl lobar nde abate ns E E pet pce o Bronchospesn, 8 in Throat, Sissing, Pharyngkis. Sifin andi Fering, 
60% of the adut in tees patients according to thelr condition, reapomsss, and changes ls vital signa. (Gee Uritoaie, Prunus. Special Sensas: Pah, Tinius. Umo : Urina, Urine 
ADMINISTRATION.) ol MAC Sedation: For maintananes of secalicn, a veriatts rate infusion method is Retentton, Green Lirie. oa Leow ten 1 aa rewrote derived from clinical tials. (Acvarss events 
preferable over an intermittent bolus dose method. Wath the veriabie rato kausilon melho, wll gemteraty require mosinksoenice reported in the Mersim, not sesa in clirtical trials, am kadictesc ) esa Bicaciry, 
rates of 25 to 75 min (L5 to 4.5 during tha first 10 to t5 mioutes of makisaeace. Inteaton rates shouki Heenrporrtege, Myocartal kchamnia. Central Mecwows Syrian: 
be oar ties to a e wy ditt ann paron io cino ao o eaa EOR Labifty, Asodaty, insomnia, Generalized and Locais] OpAstholorass, Thinking 
aaea DI oni e voy rates should abweys be coward ip the absence of cintes Abnormal, 
of fight sedation unli! mid mesporumes io are obtained in order to moki sedative administration of OfPRIWAN intsction Sih: andApos Hyparemia Spec tel Soerat: Ear Pain, 
a rates then are eet ae eee incrssoends of DIPRAAN Injection t mg ip aiden to those edverse events pep SS gh eet aetna wh pms 
(10 ml} or 2 mg 2H mL) and firajed io desired level of sedation. With the istermittent botus method of sedaiion expertance: amorous bekevior DOSAGE ARD Deedee ence oa naaa 
danetara and SAD Tanks fotr pirer Iola wolf aon of ie 44 om 
nthe prt te tt painta, apii inga or batus dose shouid not ba used for classification and level of of The fod-cowin. fs ekbreetated ond ache Lubetra Gen 
) and the injector should be reducsd to o0% whioh le only boteucted es 2 general gulia In the rse cl DIPAIWAN Inbesdton. Prior to ademi Da WA | hh 
of the adult in these patients to thair En Sannas M via oo AND tot tha an Tedew arid be cam farii with the ipectiic desape ond a cetelbed 
ADMIRISTRATION. tection cac be arkrinistved asthe roie agent for eratiermnce sedation dining in fhe CLIRCAL GY- |ndbrkdus fiat ce of rou, |e the debiltiatsd amt ASA ITT or IY pationt, 
procedures. When DIPRIVAN sadztios is supplemented sith and/or barzodiszapios madicalions, these s evegse ths rapid bales doses should act be ated in the methods cf acentntziration deecrited below. (Ses WAAMINGSE.) 
saian and silects of DIPRIVAN and may also E LEONE MONIN Ot, rod tarde be meani 
DICATIONS E: DIPRIVAN in b an N anesthetic agent that can be used for bath induction Trainterencs induction of Dosage should be individualized and titsatsd. 
anestesia as part of a batanced technique for Inpatient and cutpadieat DAPAINAN Injection, when administered Anesthesia Adui: Most patients require 2.0 to 2.5 mg/kg (apprad matay 40 mg every 10 seconds uati laductton 


Vie an ue aes aa ere rae ce MAG den apo pa PR 


ado be used for MAC sadaka In väh anetihesia h 
(aoe PRECAUTIONS I DINAN pp rene spy prem aio ar ee Enh eho RA Tr IY Pat Most ptt requ 10 5 gg anna 


Impaired cashed ckcutaticn, in lnctuding cesarean section dakvaries, li sensing an tn a 
CONTRAIKDIGATIONS: DXPRIVAN injection is In patinate with a knoven hypersensitivity shel a dosage talortation, 228 CLINICAL PHARMACOLOGY individuation of Dosage. 
racheta WARMER GS: For turhat 


E PRAM A a a scary me arate of gure Aane janie | ARE. Mott patents onde 100 too PA ie mpl) 
tare enestzeet: : . 
and eat irratved feo sorta dhs ‘ceeds tatari be coatirroesty rear Sired aad tacia Eiderly, UOOWACted and ASA Il or 1V Patipri: Moe! patents aire 60 to 100 jgftg/ral 
rales ay cette nd A WM oa eee Paci Lobel hemmende aibri pel rd rrp 
or or kainionsaca of lncremants of 25 mg to 60 mg as 
arrecthewke or MAC sadallon in ùror to minimize ondealratie Gapeceston inctading amea, ; rt a os j 
and/or oxygen desatzcaion, MAC sedation pallents shoukd be marora ty paras et ENGRA E te Gone A | oe ee 
o Te arara a Saono wy gobitoa- by thould be sealable end pavided where indicated; 
and smuuretion be ko tl patients. Pafieats should be comtimiucrusly mondtored for sarty sigas cf in Mister of Dosage aed rete shou! be incfivicualizedt. 
ERL, ahe pekel desaikrziion. Thess ap Ariege ehren a kiio KAC Sadrt an A Aar EA AA N n REUS phy tera Al eer aimara. Mont 
M VEn lesa A hear ct E Ao e ia NaS Ae aTi E AAAA ENAN ayer Sin Sra d ASA BM or IY Pathe: : recarire = 
g m and ASA Ni w Sop pl sknla to aces, but must 
Aore masa me imali Ti Py Setar a pe ION. AE Daaa CaaS fading pte daring bening ba ghen aa a Sow befesion or Row Injection and 2 a raphi botus. (Sas WARNINGS.) 
Epari apii gea coe a ea moer rainm, (ee ADMINISTRATION, Px Fx ond raa ei et eee hin Ava yf test ra ove: on torment bobs chrigun. Mos! patients 
initia aha to matte pedigreed sea Now a AAO te ming. mal ee 7 a Bn 
fsg n z 
SLDcseia ADAN held ba LAAN A ha earn SA T A a. EEA T Dabiitatad ani ABA TTI or IV Patani: Most petiants require a 20% reduction of the adult dosa. 
tacked bie raatiro the rath Oner ehraiion cf owe axira usa of peesecr or acenigtnaiton of A Doa Or rire uteri renglee rie Da Laad. WARMINGS.) For compiste dosage 
often occurs during inductiog end may persist for more than 80 secoads. story sapport may be magad, Bacaree information, see CLINICAL PHARMACOLOGY — on of Dosage. 
le an ecnutition, caufon shouid be exercised in patients with disorders of lipid such ne pcicriary “Adctts—heality, lees than 85 of 
ee er eae a E ait be sia ape 
care Han Procedures: Parentecal products shouid be tor matter and discotaration to 
io am epileptic thers niet rend bap [gga dog locit pala may ooet Ciriag sce she SOELA BION chem: DA a E A A Piva aot ba EAA ANU, Rem UAE ACO 
kaio, Ray be by pior jection of Fy $8 (1.0 mi. of 4 150 soletion). Yencus {phisis or fordons sim ines than 6 pm becanse this couk! restrict the fow of ONPRIWAY anior cause the bresiciown cf the emailen. Do not oss I 
hairs bees peported rarely {< 786}. in tao wad-contolled clinical a aeae leet no lastances of venous ppt SOIA O OPETAN O asthe A pliner pte pein rst is or A erty ang 
min p obdon dapi apii ee vey Karbon che ee ta rantai caused rina! ae = H pat een ments He ef a phar 
titans reaction. katra-artertal Infection tn animate did mot local traue effects. Accidental inire-arterty injection pestle ot See Aim at orbela apap po tie nites wacoes which tiethreetening njecttne 
A perp r lll roel bill mocan any ad pripara fnr mea pt priae to hitad o? sach nc procedure. uis neok sartace or visi 
has occured tn 8 relatioosiin in ceses in DIPAIVAN Injection bas bean ical teatores of rubber stoppar should be Sd Oe rey Oe ON sacia Od ee 
which mey ioctude occur after aropuies or vieis ane openad, Whee ki fron vicis, & starke vent spike sbouki be The 
use cf other drugs i most raghas the reiaionshin to OPEN injection uoco DIPRAAN has no should bs woth appropri ite informalion the date ard Ens the or viel was openad. Adirinistretion 
taxi bes been associated with reports of hades, occesions!ly profound. Ths intravenous agents comesace and be ee eee been infection shoeki 
(ag, atropine or glycopyrmaiata) should be considered to modly Pk rea yer facet lle pod relented oat uso Any insead porfans of Injection, tubing 
ee ee AaaaaaE o aa DE LETON acion pcg sos conalibg DERNAN SOLOn De U TAR Ma ma e eaer praceiros a tt writna 
oxygen intracractal pressure, and incresses carebroveecutar resistence. DIPRIVAN sooner. vated hours of tha anesthetic residus DIPRIWAN 
Santor Din caanmak amy E EET e t rE E SOAK dee m posd araman Zoe 
§ not recoramendced for ese at thes time in palents with Incaeesed intra-counie! pesecure or cambeast circulation becaise Shake wet bolora use. 
perfusion i he ber lan aa DaI eri tent Mede in Sweden 
when deorezses kt mien arterial and carobni amerin peidar abg ir sdaa eg tr este: 


showid be advised that performance of requiring mertal slesinecs, szok 28 opersling 2 moter veiicle, ar hazardom STUART PHARMACEDTICALS A business unit of ICi Amaricas inc, Wilmington, DE 19897 USA 


BURRON’S 


PERIFIA 


EPIDURAL ANESTHESIA PRODUCTS 


reating New Standards: 


Gold... the Standard of the World. 
Perifix... the Standard of the Industry. 
Depth markings of Icm on the needles 
make accurate placement safe and easy. 
Kink-resistant, non-styleted catheters 
are plasticizer-free. Standard as well as 
custom-designed trays let you choose 


the components best suited to your 
needs. All to offer you a comprehensive 
line of Epidural Anesthesia products. 


Accuracy. Safety. Versatility. Three 
reasons why today, Perifix is the 
recognized standard of the industry. 
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2) a rapid progression to a state of anesthesia, with 
maintenance of stable cardiovascular functioning.’ 
However, even though high doses of hypnotics- 
such as thiopental or propofol—can achieve both 
endpoints, they can also cause significant hemo- 
dynamic changes. Therefore, it may be advanta- 
geous to manage hypnosis a 
anesthesia sequentially by 


employing a combination of 
function-specific agents. 
Indeed, VERSED giver 
4 in combination with a seconc 
agent can achieve hypnosis 
through the synergistic inter- 
action of subanesthetic 
doses,** the goal being to 
£| maximize desired effects anc 


reduce the undesired. 


The advantage of co-induction 


It is well established that induction agents potentiate 
each other when given in combination. One quarter 
of the hypnotic EDs of VERSED can reduce the hyp- 
notic EDs, of thiopental by as much as 75%.° 
However, this degree of reduction occurs when 
thiopental is given one minute after VERSED, thereby 
achieving synchronous peak effects. The magnitude 
of interaction diminishes as the interval between the 
administration of the co-induction agents lengthens. 


Dosing considerations with 
VERSED (midazolam HCI/Roche) € 


When VERSED is used before other intravenous agents for induction of 
anesthesia, the initial dose of each agent may be significantly reduced, at 
times to as low as 25% of the usual initial dose of the individual agents. 

As a standard precaution, prior to |.V. administration of VERSED in 
any dose, oxygen and resuscitative equipment should be immediately 
available. VERSED should be used as an induction agent only by person: 
trained in anesthesiology and who are familiar with all dosing and adminis 
tration guidelines. Reduce dosage in elderly or debilitated patients, in pa- 
tients receiving narcotic premedication and in those with limited pulmonar 
reserve. 

It is recommended that patients do not drive or operate hazardous 
machinery after receiving VERSED until the effects of the drug (e.g., drow 
siness) are gone or until the day after anesthesia, whichever is longer. 
The decision must be individualized. 
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VERSED® 
rnidazolam HGI/Roche @ 
INJECTION 


Before prescribing, please consult complete product information, a summary 
of which follows: 


Intravenous VERSED has been associated with respiratory depression and respira- 
tory arrest, especially when used for conscious sedation. in some cases, where this 
was not recognized promptly and treated effectively, death or hypoxic encepha- 
topathy has resulted. ee ee ee 
ambulatory care settings, including physictans’ offices, that provide for continuous 
monitoring of respiratory and cardiac function. immediate avaefiabliity of resuscitative 
ENS ee ao er eee 
The initial Intravenous dose for conscious sedation may be as ittis as 1 mg, but 
shoud not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary for 
cider (over 60 years) or debilitated patients and in patients raceling concomitant 
narcotics or other CNS depressants. The Initial dose and all subsequent doses 
shouid never be given as a bolus; administer over ai least 2 minutes and allow an 
additional 2 or more minutes to fully evaluate the sedative effect. The use of the 

1 mg/mL formutation or dilution of the 1 mg/mL. or 6 mg/mL. formulation ts recom- 
mended to factitate slower injection. Consult comptete product Information under 
DOSAGE AND ADMINISTRATION for complete dosing information. 


CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. 
Benzodiazepines are contraindicated in patlents with acute narrow angle glaucoma; may 
be usad In open angie glaucoma only if patients are receiving appropriate therapy. 

Not Intended far intrathecal or epidural administration due to the presence of the preser- 
vative benzyl alcohol. ; 

WARNINGS: Never use without Individualization of dosage. Prior to IV use in any 
dosa, ensure immediate avakablity of oxygen, resuscitative equipment and 
skilled personnel for maintenance of a patent airway and support of ventilation. 
Continuousty monitor for early signs of underventiation or apnea, which can 
Oe ee ee ee 
immediately. Vital signs should continue to be monitored during the recovery period. 
Because IV VERSED depresses respiration, and opioid 


and , For sedation, do not administer 
rapid or single hokus. Serious cardiorespiratory adverse events have occurred, These 
have , 060, arrest and/or cardiac arrest, 
sometimes resulting in death. There have been rare reports of hypotensive 
requirng treatment during or after diagnostic or surgical manipulations in who 
have received Hypat occurred more frequently in the conscious sedation 


alcohol intoxication 
soe Pedi eed ot VE ee 
uncompensated acute Enesses, such as severe fluid or disturbances, 
Guard against unintended intra-arterial infection, hazards in humans unknown. Avoid 
extravasation. 
VERSED should only be administered IM or IV. Safety and efficacy of other routes of 
administration are not established. 
Gross tests of racovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contribution of other 


a NEZI ACOE Or ll lined ded arise anak 
have subsided or until the day after anesthesia, whichever fs longer. 
tr leap esc Pat i pra ar Aer 
benzodlezepines and chiordiazepoxkie) has been 
in several studies. if VERSED ts used during pregnancy, apprise the 

patient of the potential hazard to the fotus. 

PRECAUTIONS: General: Decrease Intravenous doses in elderly and debittatad 
patients. These patients will aso probably take longer to recover completely after 
VERSED for Induction of anesthesia. 

VERSED does not protect against Increased intracranial pressure or against the heart 
rate rise and/or biood pressure rise associated with endotrachee! Intubation under fight 


general anesthesia. 
information for patients: Communicate the following Information and Instructions to the 
patient when appropriate: 1, Inform your physician about any alcoho! consumption and 


; therefore, caution should be exercised 
regarding simultaneous ingestion of alcohol and . 2. inform your 
physician I you are pregnant or are planning to become pregnant. 3. inform your physi- 
clan if you are nursing. 

Drug interactions: The sedative effect of V VERSED fs accentuated by premedication, 

















A reproduction study In rats did not show any Impainrnen 
human M dose, 


Pregnancy: Teratogenic effects: Pragnancy Category D. See W 
ee ARRE E at 5 and 10 timas the human dost 
of teratogenicity in rabbits and rats. 

Labor and delivery: Use in obstetrics has not been evaluated. B 
frarctoried trensbeicontaly and bocnice diha baloudazeciss J 

of pregnancy have resulted In neonatal CNS depression, VERSED fs 
for obstetrical use, 

Nursing mothers: Excreted in human mik. Not recommended for usa in 
Pediatric use: Safety and effectivenass in chikdren below the age of 18 have 


ADVERSE REACTIONS: See WARNINGS concerning serious cardioreepir! 
events and reactions. Fluctuations in vital signs following 
parenteral administration were the most saen findings and included dec 


tidal volume and/or respiratory rate decrease (23.3% of patients folowing IV and 10.84 
er ee er nee 
istration}, as well as variations in blood pressure and pulse ra 

rhea 3%); aoea ett ok. paln (3.759), induration 


with 
in most of these cases, patients also received other CNS depressants capable of 


respiration, narcotics, 
WV administration: (3.9%), nausea (2.8%), vomiting (2.6%), 
(1.3%), “overseciation” (1.6%), headache (1.5%), oe a local effects at the 
site: tendemess (5.6%), paln during injection (5.096), redness (2. Diethyl els 
phlebitis (0.4%). Other affects (<1%) mainty following IV administration: 
bronchospasm 


ng 
dance potential of midazolam suggest that its abuse potential ts at least equivalant to that 
of 


diazepam. 
OVERDOSAGE: Manifestations would resemble those observed with other benzoct- 
cnr sedation, somnolence, contusion, impalred coordination, diminished 
coma, untoward effects on vital signs). No specific organ toxicity would be 


fest alla 

DOSAGE AND ADMINISTRATION: VERSED Is a potent sedative agent which 
requires siow adrministration and individualization of dosage. Clinical experience 
has shown VERSED to be 3 to 4 times as potent per mg as diarepam. 

SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY ADVERSE EVENTS 
HAVE BEEN REPORTED, PROVISION FOR MONITORING, DETECTION AND 
CORRECTION OF THESE REACTIONS MUST BE MADE FOR EVERY PATIENT 
TO WHOM VERSED INJECTION IS ADMINISTERED, REGARDLESS OF AGE OR 
eat E O hl it deal ote esac gs 
tion may reeult in respiratory depression and/or arrest. (Bee WARNINGS.) Prior 
Eile ote Bike BORAGE ANG ADMINISTRATIONS clog Hi tis ENa 
product information. 
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OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal Op- 
portunity, Affirmative Action Employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

701E/L 





PRIVATE PRACTICE OPPORTUNITY 
For fellowship-trained MDA interested and 
experienced in acute and chronic pain man- 
agement. Currently seeing greater than 600 
chronic pain patients per month in hospi- 
tal-based practice. Send CV and three ref- 
erences to Diana Bird, c/o Medaphis, 3212 
West End Avenue, Suite 500, Nashville, TN 
37203. 

837A/F 





RESIDENCY IN ANESTHESIOLOGY 
The Department of Anesthesiology and 
Critical Care Medicine at the University of 
New Mexico School of Medicine is expand- 
ing its residency program. Qualified appli- 
cants for the CA-1 to CA-3 levels starting 
July 1992 are invited to write to Director of 
Education, Department of Anesthesiology, 
UNM School of Medicine, Albuquerque, 
NM 87131-5216. The University of New 
Mexico is an Equal Opportunity Employer. 
864C/F 





The Department of Anesthesiology at the 
University of Texas Medical School in 
Houston is recruiting faculty at assistant 
professor, associate professor, and profes- 
sor levels. Applicants must be board certi- 
fied or board eligible and able to obtain a 
Texas medical license. The faculty positions 
include responsibilities for teaching, super- 
vising and providing patient care, and par- 
ticipation in clinical or laboratory research 
and administrative functions of the depart- 
ment. The department has significant and 
expanding responsibilities in the areas of 
pain management, obstetrical anesthesia, 
neuroanesthesia, cardiac and vascular an- 
esthesia, and hyperbaric medicine. Inter- 
ested individuals should send a copy of 
curriculum vitae and names, addresses, 
phone numbers, and permission to contact 
three reference sources. Information 
should be sent to Jeffrey Katz, MD, Chair- 
man, Department of Anesthesiology, Uni- 
versity of Texas Medical School, 6431 Fan- 
nin, Houston, TX 77030. The University of 


Texas is an equal opportunity employer. 
Women and minorities are encouraged to 


apply. 
873C/H 





PEDIATRIC ANESTHESIOLOGIST 
Children’s Hospital of Michigan’s current 
group of nine full-time staff are working 
with a growing teaching and case load, 
indicating the need for an additional two 
staff members (one with Pediatric Critical 
Care interest). Call (313) 745-5535 or send 
CV to Department of Anesthesiology, Chil- 
dren’s Hospital of Michigan, 3901 Beau- 
bien, Detroit, MI 48201. 

843BDEF 





PAIN FELLOWSHIP, HOUSTON, TEXAS 
The Pain and Symptom Management Sec- 
tion of the Department of Neuro-Oncology, 
University of Texas M.D. Anderson Cancer 
Center, offers 1- or 2-year pain fellowships. 
Emphasis is on the multidisciplinary ap- 
proach to acute and chronic cancer pain 
management. Extensive clinical exposure 
in both inpatient and outpatient care is 
combined with opportunity for clinical and 
basic science research. A joint position with 
the Hospice at the Texas Medical Center is 
available for comprehensive training in pal- 
liative care of the terminally ill. Applicant 
should be eligible for Texas medical licen- 
sure. Direct inquiries to: S. M. Weinstein, 
MD, Department of Neuro-Oncology, Pain 
and Symptom Management Section, M.D. 
Anderson Cancer Center, 1515 Holcombe 
Boulevard, Box 8, Houston, TX 77030; (713) 
792-2824. 

876D/F 





THE DEPARTMENT OF ANESTHESIOLOGY, 
MEDICAL COLLEGE OF PENNSYLVANIA 

invites applications for board-certified or 
board-eligible faculty at the instructor, as- 
sistant professor, and associate professor 
levels. A full range of anesthesia patient 
care services are provided by our faculty at 
the Hospital of MCP, Friends Hospital, and 
The Pennsylvania Eye Surgery Institute. 
Located in Philadelphia, MCP includes a 
medical school, graduate school, and 450- 
bed teaching hospital. MCP is a member of 
the Allegheny Health Education and Re- 
search Foundation. Interested individuals 
are encouraged to contact Alan Jay 
Schwartz, MD, MS Ed, Professor and 
Chairman, Department of Anesthesiology, 
Medical College of Pennsylvania, 3300 
Henry Avenue, Philadelphia, PA 19129. 


Phone (215) 842-6798, FAX (215) 843-396 
MCP is an Equal Opportunity Employer 
881C 





MICHIGAN 
Anesthesiologist BC/BE needed imme 
ately for incorporated group of six N 
anesthesiologists in 581-bed medical ce 
ter. All types of anesthesia including Ol] 
Excellent financial package first year lea 
ing to partnership. Send CV to Anesthe: 
ology Associates of SE Michigan MD, P! 
1011 Patrick Street #19, Flint, MI 48503. 
883D 





UC SAN DIEGO: ANESTHESIOLOGY 
FELLOWSHIP IN PAIN MANAGEMENT 
The Pain Service in the Department | 
Anesthesiology at the University of Califo 
nia San Diego is seeking a board-eligibl 
board-certified anesthesiologist for a pai 
fellowship. 

This is a 1- or 2-year position that offe 
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Anesthesia & Analgesia makes available classified 
advertising space for those interested in obtain- 
ing positions or wishing to announce meetings, 
postgraduate courses, or other pertinent events. 
We require that all advertisements be relevant to 
the practice of anesthesia and analgesia, and we 
reserve the right to refuse advertisements that 
are not relevant. 

Specifications. Ads should be typewritten on 
letterhead stationery; the text should be double- 
spaced, with the title or key pee typed in 
capital letters. Enclose two photocopies with 
each ad. Display space (minimum 1⁄4 page) is 
available through Pharmaceutical Media, Inc., 
440 Park Avenue South, 14th floor, New York, 
NY 10016, telephone: (212) 685-5010, FAX: (212) 
685-6126. 

Rates. Ads cost $1.50 per word per insertion, 
with a minimum of 20 words. Abbreviations, 
dates, initials, post office box numbers, tele- 
phone numbers, years, and zip codes are con- 
sidered one word each. There is an additional 
fee of $18.00 per insertion for box number ads.* 

Payment. Full payment or institutional pur- 
chase order must accompany the copy for each 
ad. Ads received without a check or purchase 
order will be returned. (Make checks payable to 
Elsevier Science Publishing Company, Inc.) 

Deadline. Copy must be received 7 weeks 
before publication date (i.e., by January 1 for the 
March issue); multiple-insertion ads are wel- 
come. Ads may run up to 6 months per pur- 
chase order/payment. Please specify in which 
issue(s) your advertisement is to appear. 

Send all ad copy, payments, and correspon- 
dence to: Anesthesia & Analgesia, Classified Ads, 
Desk Editorial, Elsevier Science Publishing Co., 
Inc., 655 Avenue of the Americas, New York, 
NY 10010. 

“When responding to a box number ad, in- 
clude the box number on all correspondence. 
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training in pain evaluation, treatment, and 
clinical and laboratory research. We seek a 
highly motivated anesthesiologist to partic- 
ipate in a comprehensive pain evaluation, 
including pharmacologic management, 
psychologic aspects, neural blockade, and 
other interventional treatment of acute, 
chronic, and cancer pain. Applicant must 
possess strong interest in regional anesthe- 
sia and desire one-on-one patient contact. 
Laboratory research opportunities directed 
at the mechanisms of opiate action and 
local anesthetics, and the molecular phar- 
macology of opiate receptors, are available. 
AA/EOE. 

Be tierra must be eligible for California 
ical licensure and should send CV and 
three (3) letters of recommendation to: 
Harvey M. Shapiro, MD, Professor and 
Chairman, Department of Anesthesiology, 
8812, UCSD Medical Center, San Diego, 

CA 92103-8812. (619) 543-3162. 
885D/F 


ILLINOIS: ANESTHESIOLOGIST 
To join congenial group of MDs/CRNAs 
expanding to provide anesthesia coverage 
for only hospital in city since recent 
merger. No open heart or neurosurgery. 
Environment conducive to family living, 
variety of schools, recreation. Good oppor- 
tunity with stable future. sen located in 
east central Illinois with population of ap- 
proximately 40,000 (35-mile radius service 
area with 126,126 population). Within driv- 
ing distance of Chicago and Indianapolis. 
Please send CV to Box 887D/L. 

887D/L 


EASTERN PENNSYLVANIA 
Hospital needs two board-certified/board- 
eligible anesthesiologists to join a fee-for- 
service group in a 225-bed progressive hos- 
pital. Applicants must be a PGIV 
preferrably with pain management, resi- 
dency rotation. Reply to Box 888D/I. 
888D/1 


QUEENS, N.Y. 
Anesthesiology group seeking BC/BE part- 
time employee for busy OR at university- 
affitated 500-bed hospital. Anesthesia pro- 
vided for all types of surgery except open 
heart; minimal OB. No night or weekend 
call, liberal vacation, malpractice paid. Sal- 
ary negotiable. Please send CV to Box 
890D/F. 

890D/F 


BAYLOR COLLEGE OF MEDICINE, 
HOUSTON, TEXAS - 

The ent of Anesthesiology is invit- 
ing applications and nominations for fac- 
ulty positions at assistant professor and 
associate professor levels. Fellowship posi- 
tions are also available in cardiovascular, 
obstetrical, and pediatric anesthesia. These 
positions offer excellent opportunities to 


develop an academic career in a depart- 
ment with excellent clinical and research 
resources and facilities. We are interested 
in qualified candidates in general anesthe- 
sia, and some positions require cardiovas- 
cular or pediatric anesthesia subspecialty 
training and experience. Qualified candi- 
dates should send CV to William F. 
Childres, MD, Chairman, ent of 
Anesthesiology, Baylor College of Medi- 
cine, 6550 Fannin, Suite 1003, Houston, TX 
77030. Baylor College of Medicine is an 
Affirmative Action/Equal Opportunity Em- 
ployer. 

891D/F 


BC/BE anesthesiologist for a 500-bed ter- 


tiary hospital in a Florida coastal city. Im- 

mediate opening. Liberal salary and early 

partnership. Send resume to Box 892D/F. 
892D/F 


UPSTATE NEW YORK 
Hudson River Valley—Columbia-Greene 
Medical Center is recruiting four fee-for- 
service anesthesiologists including a chief. 
Financial tee. C-GMC is located 80 
miles north of NYC and 30 miles south of 
Albany. No neuro, open heart, or sick 
neonates. Staff and administration are sup- 
portive. Clear opportunity for growth. Of- 
fice support available. Send CV and date of 
availability to Susan Bane, MD, Medical 
Director, C-GMC, 71 Prospect Avenue, 
Hudson, NY 12534. 

893D/G 


TENNESSEE 
Expanding department requires additional 
anesthesiologists. Full-time positions avail- 
able at levels of instructor to associate pro- 
fessor with emphasis on teaching, patient 
care, and clinical research. Prerequisites: 
(1) meet Tennessee license requirements. 
(2) ABA diplomat or eligible for ABA exam- 
ination. All subspecialties needed. Excel- 
lent opportunity for anesthesiologists who 
want an ideal mix of private practice with 
teaching and clinical research. Send curric- 
ulum vitae, bibliography, and the names 
and addresses of three references to Roger 
S. Cicala, MD, Department of Anesthesiol- 
ogy, University of Tennessee, Memphis, 
800 Madison Avenue, Memphis, TN 38163. 
The University of Tennessee is an Equal 
Opportunity Employer/Affirmative Action 
Register/Title [X/Section 504 Employer. 
894E/G 


6 MONTHS PER YEAR 

Need well-trained anesthesiologist partner 
for flexible 6 months per year. Regional 
Medical Center. Interest and ability in 
aoe pan management, ICU, OB, and OR 
required. Financial package 
$100, 000-$125,400. 000. Michael Boyer, MD, 2 
Clark Bass Boulevard, Suite 104, McAl- 

ester, OK 74501, (918) 426-5516. 
895E/G 


RUSH-PRESBYTERIAN-ST, LUKE’S 
MEDICAL CENTER 
The Department of Anesthesiology at 
Rush-Presbyterian-St. Luke’s Medical Cen- 
ter is see ee EATE or board- 
eligible anesthesiologist with a background 
in either internal medicine or critical care. 
Faculty will play an active role on the 
teaching service in the surgical intensive 
care unit and have a major role in a busy 
tertiary-care operating room. The SICU 
treats all patients, including open 
heart and liver transplant patients. An ac- 
tive role in residency training and clinical 
research is essential. Academic titles and 
compensation commensurate with experi- 
ence and credentials. RPSLMC is an Equal 
Opportunity Employer. Send letter of ap- 
plication and curriculum vitae to Anthony 
D. Ivankovich, MD, Chairman, Depart- 
ment of Anesthesiology, 1653 West Con- 
gress Parkway, Chicago, IL 60612. 

901EF 


RESEARCH POSITION 
MD anesthesiologist or PhD with strong 
research interest and background. Clinical 
or nonclinical. Terms negotiable. Commen- 
surate with CV and experience. Will work 
with residents and research assistants. 
Contact Ketan Shevde, MD, Chairman, 
Department of Anesthesia, Maimonides 
Medical Center, 4802 Tenth Avenue, 
Brooklyn, NY 11219. 

902F 


Anesthesiologist needed at assistant pro- 
fessor or above level. Must be board certi- 
fied or board eligible. Duties include: Med- 
ical Director of Respiratory Therapy and 
the Hyperbaric Medicine Center, patient 
care, resident and medical student teach- 
ing, and research. Preference will be given 
to applicants with expertise in pulmonary 
medicine. Positions available at the Univer- 
sity of Missouri-Columbia Health Sciences 
Center. Interested applicants send curricu- 
lum vitae to G.W.N. Eggers, Jr, MD, Pro- 
fessor and Chairman, ent of Anes- 
thesiology, University of Missouri Health 
Sciences Center, Columbia, MO 65212. An 
Equal Opportunity/Affirmative Action Em- 
ployer. 

903F 


FLORIDA 
BE/BC anesthesiologist needed to join busy 
group practice, serving a fast-growing 130- 
bed community hospital. Beautiful small 
Gulfcoast community, no neuro or OH. 
send CV to Gulfcoast Anesthesia Special- 
ists, 6630 West Gulf to Lake Highway, 
Crystal River, FL 32629. 

904F/H 


COMPUTERS IN ANESTHESIA XIII 
A meeting sponsored by the Department of 
Anesthesia of the Vanderbilt University 
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Medical Center will take place October 21- 
24, 1992, at the Bourbon Orleans Hotel in 
New Orleans, Louisiana. This meeting im- 
mediately follows the ASA meeting. For 
submission of papers contact Darel Hess, 
(615) 322-4000, or registration contact Ann 
Loffi (615) 343-7205. 

905F 


THE UNIVERSITY OF CALIFORNIA DAVIS 
School of Medicine is recruiting for the 
position of Chair for the Department of 
Anesthesiology. The appointment will be 
made at the associate professor/professor 
level. Candidates must have an MD de- 
gree, be board certified in anesthesiology, 
eligible for licensure in California, and have 
a strong background in administration, 
teaching, and research. Please forward a 
curriculum vitae, a letter outlining back- 
ground and experience, and the names and 
addresses of five professional references to 
Herbert Berkoff, MD, Chairman, Anesthe- 
siology Chairmanship Search Committee, 
4301 X Street, Sacramento, CA 95817. This 
position will remain open until filled. How- 
ever, applications cannot be accepted after 
October 1, 1992. The University of Califor- 
nia is an Equal Opportunity/Affirmative 
Action Employer. 

906FG 





CARDIOVASCULAR FELLOWSHIP 
OPPORTUNITY 
The Department of Anesthesiology and 
Critical Care Medicine at the University of 
New Mexico School of Medicine has open- 
ings at the CA-4 level for advanced training 
in cardiovascular anesthesiology. The fel- 
lowship is a 2-year comprehensive program 
designed to train the fellow for a career in 
cardiovascular anesthesiology. Research in 
cardiovascular physiology and anesthesia, 
provision of clinical care for complex adult 
and pediatric cases, participation in confer- 
ence, and teaching responsibilities are part 
of the fellowship experience. Interested in- 
dividuals should send CV or contact Jorge 
A. Estrin, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity of New Mexico School of Medicine, 
Albuquerque, NM 83131-5216, (505) 272- 
2610, FAX (505) 277-1300. The University of 
New Mexico is an Equal Opportunity/A ffir- 
mative Action Employer. 

912F/L 





ANESTHESIOLOGIST 
Board certified or eligible to work in 400- 
bed community hospital in Wilmington, 
Delaware. No calls, no weekends, 40 hours 
per week, competitive salary, paid mal- 
practice and health benefits. If interested 
contact David L. Blumberg, MD, Director, 
Department of Anesthesiology, St. Francis 
Hospital, Wilmington, DE 19805, phone: 
(302) 421-4330. 

915F 





PEDIATRIC ANESTHESIOLOGIST 
BC/BE to join a private group in growing 
Pediatric Medical Center in Atlanta, Geor- 
gia. No open hearts or transplants. Send 
CV to Box 916F/H. 

916F/H 


PAIN FELLOWSHIP, DIVISION OF PAIN 
MANAGEMENT, DEPARTMENT OF 
ANESTHESIOLOGY, SUNY HEALTH 
SCIENCE CENTER AT SYRACUSE 
One or two competitive CA-4 positions 
available. Extensive clinical exposure to 
acute and chronic pain management, in- 
cluding cancer and pediatric patients. Op- 
portunity for clinical and laboratory re- 
search relative to pain management 
availabe. Please send curriculum vitae to 
P. Sebastian Thomas, MD, Director, Pain 
Treatment Service, SUNY Health Science 
Center, Syracuse, NY 13210. Equal Oppor- 
tunity Employer. 

917F/H 





PAIN FELLOWSHIP for 1 year at a busy 
comprehensive Pain Management Clinic in 
San Francisco. Malignant and nonmalig- 
nant pain syndromes, spinal diagnosis, 
various block and neurolysis techniques, 
specialize in pain research including new 
oral analgesics, tunneled spinal catheters, 
spinal narcotic pumps, and spinal cord 
stimulation. California license and anesthe- 
siology board certification/eligibility re- 
quired. Contact Dr. Elliot S. Krames, SF 
Center for Pain Management, 2299 Post 
Street, Suite 205, San Francisco, CA 94115; 
(415) 567-1219. 

918F 





PEDIATRIC ANESTHESIOLOGIST 
The Section of Pediatric Anesthesiology at 
Arkansas Children’s Hospital is seeking an 
additional faculty member. Candidates 
should be BC/BE with an approved fellow- 
ship in pediatric anesthesiology. Arkansas 
Children’s Hospital is a state-of-the-art fa- 
cility providing tertiary and primary care to 
children in six surrounding states. More 
than 6000 surgical procedures are per- 
formed each year. All facets of care are 
provided including an active acute and 
chronic pain service. Interested candidates 
should apply to Raeford E. Brown, Jr, MD, 
Chief, Division of Pediatric Anesthesia, Ar- 
kansas Children’s Hospital, 800 Marshall 
Street, Little Rock, AR 72202-3591. An 
Equal Opportunity Employer. 

919F/H 





UTAH 

The University of Utah seeks board-certi- 
fied or board-eligible anesthesiologists for 
positions at instructor to associate profes- 
sor levels. Candidates should have exper- 
tise in pediatrics or neurosurgical anesthe- 
sia. Experience in clinical and basic science 
research is required. Position commensu- 
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rate with experience. Send curriculum vi 
to K. C. Wong, MD, PhD, Professor a 
Chairman, Department of Anesthesioloș 
University of Utah Health Sciences Cent 
50 North Medical Drive, Salt Lake City, | 
84132. Equal Opportunity/Affirmative / 
tion Employer. Closing date: July 31, 19 
or until suitable candidate identified. 

92 





UCLA DEPARTMENT OF ANESTHESIOLO: 
NEUROANESTHESIOLOGIST: Faculty 
sitions in the clinician-teacher Acaden 
Professorial Series in the UCLA Depa 
ment of Anesthesiology are available, w 
special interest in neuroanesthesiolos 
Candidates are required to show evider 
or promise of research productivity a 
scholarly writing, must have experience 
neuroanesthesia and neurophysiolo; 
monitoring (EEG and evoked potentia 
etc.). Requisites include eligibility for a C 
ifornia medical license and ABA certifi: 
tion, as well as clinical and teaching skil 
Address correspondence with five ref 
ences and curriculum vitae to Joseph 
Gabel, MD, Executive Chairman, Depa 
ment of Anesthesiology, UCLA School 
Medicine, 10833 Le Conte Avenue, L 
Angeles, CA 90024-1778. UCLA is an Aff 
mative Action, Equal Opportunity Ei 
ployer. 

92 





THE UNIVERSITY OF NEW MEXICO 
Department of Anesthesiology and Critic 
Care Medicine has immediate faculty po: 
tions at the Instructor, Assistant Professc 
Associate Professor, and Professor leve 
for candidates with experience in cardia 
obstetric, neurosurgical, and pediatric ai 
esthesia and critical care medicine. Respo: 
sibilities include the teaching of medic 
students and residents and the provision 
clinical care in a busy tertiary referral cei 
ter. Opportunities to pursue research inte 
ests will be provided. It is expected th 
candidates who apply for CCM positior 
will have or be eligible for subspeciali 
certification. Qualified candidates shoul 
send CV or contact Jorge A. Estrin, MI 
PhD, Professor and Chairman, Departme1 
of Anesthesiology, University of New Me: 
ico School of Medicine, Albuquerque, N? 
87131-5216, (505) 272-2610, FAX (505) 27; 
1300. The University of New Mexico is a 
Equal Opportunity/Affirmative Action En 
ployer. 

913F/ 





DEPARTMENT OF ANESTHESIOLOGY 

The Department of Anesthesiology at th 
Dartmouth-Hitchcock Medical Center i 
Hanover, New Hampshire is seekin: 
board-certified/board-eligible anesthesiolo 
gists to join the faculty. The successfu 
applicants should have formal training be 
yond the 3-year continuum in a subspe 
cialty of anesthesiology practice or havı 
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recognized skills in a subspecialty area of 
anesthesiology in lieu of formal fellowship 
training. Pain management, pediatric anes- 
thesiology, and pediatric critical care would 
be particularly desirable. The successful 
candidates must have a commitment to 
teaching medical students and residents, in 
addition to their own clinical expertise. The 
ability and desire to do clinical and/or basic 
research is essential. The individuals will 
be employees of the Hitchcock Clinic and 
will receive appropriate academic appoint- 
ments as members of the faculty of Dart- 
mouth Medical School. 

The Dartmouth-Hitchcock Medical Cen- 
ter is committed to Affirmative Action and 
is an Equal Opportunity Employer. 

Inquiries and resumes should be directed 
to the Chair of the Search Committee: 
D. David Glass, MD, Professor and Chair- 
man, Dartmouth-Hitchcock Medical Cen- 
ter, One Medical Center Drive, Lebanon, 
NH 03756. 

900F 


DON’T PROCRASTINATE. 
Prepare early for the ITE/written boards. 
Unique study program with practice ques- 
tions and answers with explanations, 
guessing techniques, Keywords 1991, and 
much more. Call the original MEDTEXT: 
1-800-695-6301; 24 hours. MC/V accepted. 
7571/G 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS 

The unique feature of these programs is the 
maximum class size of four students. Prep- 
aration for the written and oral exams are 


given separately in 3-day blocks in San 
Francisco and New York. FOR THE WRIT- 
TENS, techniques are taught for dealing 
with the multiple-choice questions. The ba- 
sic sciences are stressed. FOR THE ORALS, 
the guided case discussions are stressed. 
Home study programs are provided. CALL 
(415) 321-1117. 

7631/H 





Dial 1-800/RENT-A-DOC 
For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
needs. Or work locum tenens with us for a 
change in both your practice and your 
lifestyle. ReplaceMed * 1-800/736-8236 * PO 
Box 640 * Michigan City, IN 46360. 

832A/L 


J. STEPHENS MAYHUGH AND 
ASSOCIATES, INC. LOCUM TENENS 
ANESTHESIA SERVICES 
Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure quality in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 
tion are supplied to you. Call 1-800-426- 
2349 any time. 

7551/H 


A WEEKEND OF MOCK ORAL EXAMS 

Mock orals, not lectures. We are the origi- 
nal course in this format. 20 hours category 
I CME credit, two board-certified instruc- 
tors, 12 students maximum. Tampa, July 
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31—August 2; Dallas, August 21-23. ANES- 
THESIA EXAM REVIEW, 7128 Regents 
Park, Toledo, OH 43617. (419) 843-4480 or 
(813) 394-8780. 

896E/G 





A YEAR AHEAD IS NOT TOO SOON! 
Start NOW with PHONEPREP! Mock orals, 
presentation techniques, a systematic ap- 
proach to oral exam preparation — from 
the originator of telephone tutorials in an- 
esthesiology. (419)843-4480. 

907F 





DANIEL & YEAGER LOCUM TENENS 
Daniel & Yeager is the only name you need 
for locum tenens. Anesthesia is our spe- 
cialty, so you are assured of our personal 
attention. Earn a premium income while 
eliminating administrative headaches and 
malpractice premiums; we cover it all. Call 
1-800-264-1919 or write to 200 Clinton Ave- 
nue, NW, Suite 400, Huntsville, AL 35801. 
898E/L 


INTRODUCING .. . “BOARD CARDS” 
A unique study system, designed specifi- 
cally for the oral boards. Study cards are 
formatted to provide a well-organized, sys- 
tematic approach, using the latest refer- 
ences. Over 300 cards in 20 subject catego- 
ries, $245 postpaid (MC/VI). For more 
information write or call: BOARD CARDS, 
P.O. Box 577, Shasta, CA 96087, (800) 638- 
1294. 

914FG 
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Alfenta 


(alfentanil HCI) Injection @ 


Before prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 


CAUTION: Federal Law Prohibits Dispensing Without Prescription re , 
DESCRIPTION: ALFENTA is a sterile, eet enic, preservative free aqueous solution containing alfentanil — 
hydrochloride oo to 500 pg per mi of alfentanil base for intravenous injection. The solution, which contains 
sodium chloride for isotonicity, has a pH range of 4.0-6.0. it . ; 
CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) is contraindicated in patients with known hyper- 
sensitivity to the drug. 
WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE USE OF 
INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY EFFECTS OF 
POTENT OPIOIDS. AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD 
BE READILY AVAILABLE. BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING 
OF THE PATIENT MUST CCNTINUE WELL AFTER SURGERY. ALFENTA (alfentanil t arare administered in 
initial dosages up to 20 pg/kg may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence 
and severity of muscle rigidity is usually dose-related. Administration of ALFENTA at anesthetic induction dosages 
(above 130 pg/kg) will consistently produce muscular rigidity with an immediate onset. The onset of muscular 
rigidity occurs earlier than with other opioids. ALFENTA may produce muscular rigidity that involves all skeletal 
muscles, including those of the neck and extremities. The incidence may be reduced by: 1) routine methods of 
administration of neuromuscular blocking agents for balanced opioid anesthesia; 2) administration of up to 1/4 of the 
full paralyzing dose of a neuromuscular blocking agent just prior to administration of ALFENTA at — up to 
130 pg/kg; following loss of consciousness, a full paralyzing dose of a neuromuscular blocking agent should be — 
administered; or 3) simultaneous administration of ALFENTA and a full paralyzing dose of a neuromuscular blocking 
agent when ALFENTA is used in rapidly administered anesthetic dosages (above 130 pg/kg). The neuromuscular 
blocking agent used should be appropriate for the patient's cardiovascular status. Adequate facilities should be 
available for postoperative monitoring and ventilation of patients administered ALFENTA. It is essential that these 
facilities be fully equipped to handle all degrees of respiratory depression. 
PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, 
ddd AND HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE MONITORED 
LY. 
General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly and 
debilitated patients. The effect of the initial dose should be considered in determining 2 sepals doses. In obese 
patients (more than 20% above ideal total body wee the dosage of ALFENTA should be determined on the basis 
of lean body weight. In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by 
appearance of delta waves in EEG, was 40% lower in geriatric patients than that needed in ee! young patients. 
In patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA may be 
uced and postoperative recovery may be — Induction doses of ALFENTA should be administered slowly 
(over three minutes). Administration may produce loss of vascular tone and hypotension. Consideration should be 
aby to fluid replacement prior to induction. vraag cob administered immediately prior to or in conjunction with 
igh doses of ALFENTA may produce vasodilation, hypotension and result in delayed recovery. Bradycardia produced 
by ALFENTA may be treated with atropine. Severe bradycardia and asystole have been successfully treated with 
atropine and conventional resuscitative methods. The hemodynamic effects of a particular muscle relaxant and the 
degree of skeletal muscle relaxation required should be considered in the selection of a neuromuscular blocking 
hie Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. Administration of ALFENTA infusion 
should be discontinued at leas 10-15 minutes prior to the end of surgery. Respiratory depression caused by opioid 
analgesics can be reversed by opioid antagonists such as naloxone. Because the duration of respiratory depression 
produced by ALFENTA may last longer than the duration of the opioid antagonist action, appropriate surveillance 
should be maintained. As with all potent opioids, profound analgesia is accompanied by respiratory depression and 
diminished sensitivity to CO, stimulation which may persist into or recur in the postoperative period. Intraoperative 
hyperventilation may further alter postoperative response to CO.. Appropriate postoperative monitoring should be 
employed, particularly after infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing 
is established and maintained in the absence of stimulation prior to discharging the patient from the recovery area. 
Head Injuries: ALFENTA may obscure the clinical course of patients with head injuries. 
Impaired Respiration: ALFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or controlled 
respiration. 
impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism anc excretion of ALFENTA. 
Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular effects may 
be enhanced when ALFENTA is administered in combination with other CNS depressants such as barbiturates, 
tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory depression may be enhanced or 
= by these agents. In such cases of combined treatment, the dose of one or both agents should be reduced. 
imited clinical experience indicates that eerie for volatile inhalation anesthetics are reduced by 30 to 50% 


for the first sixty (60) minutes following ALFENTA induction. The concomitant use of erythromycin with ALFENTA 


can significantly inhibit ALFENTA clearance and may increase the risk of prolonged or delayed respiratory depression. 


Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma clearance 
and prolong er 9 
Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of ALFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats and the dominant lethal 
test in female and male mice revealed that single intravenous doses of ALFENTA as high as 20 mg/kg (approximately 
40 times the mi e human — produced no structural chromosome mutations or induction of dominant lethal 
mutations. The Ames Sa/moneilla coe metabolic activating test also revealed no mutagenic activity. 
Pregnancy Category C: ALFENTA has been shown to have an embryocidal effect in rats and rabbits when given 
in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects could have been due 
to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration of 
the drug. No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 
There are no adequate and well-controlled studies in prognani women. ALFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 
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Labor and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery. Placental 
transfer of the drug has been reported; therefore, use in labor and delivery is not recommended. 
Nursing Mothers: In one study of nine women undergoing post-partum tubal ligation, significant levels of 
ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no detectable 
levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a nursing woman. 
scr Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not presently 
available. 
ADVERSE REACTIONS: The most common adverse reactions, joy erg depression and skeletal muscle rigidity, 
are extensions of known pamona effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS and 
PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity. Delayed respirato 
depression, respiratory arrest, bradycardia, asystole, arrhythmias and hypotension have also been reported. The 
reported incidences of adverse reactions listed in the following table are derived from controlled and open clinical 
trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved treatment comparisons 
with fentanyl, thiopental sodium, srg opal placebo and halothane. Incidences are based on disturbing and 
nondisturbing adverse reactions reported. The comparative incidence of certain side effects is influenced by the 

of use, e.g., chest wall rigidity has a higher reported incidence in clinical trials of alfentanil induction, and by 
the type of surgery, e.g., nausea and vomiting have a higher incidence in patients undergoing gynecologic surgery. 








ALFENTA alee Thiopental Sodium Enflurane Halothane Saline Placebo* 
Percent (N=785) (N=243) (N=66) (N=55) (N=18) (N=18) 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 11 9 13 17 
Cardiovascular 
Bradycardia 14 7 8 0 0 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 7 7 0 0 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 6 0 
Musculoskeletal 
Chest Wall 17 12 0 0 0 0 
Rigidity 
Skeletal Muscle 6 2 6 2 0 0 
Movements 
Respiratory 
Apnea 7 0 0 0 0 0 
Postoperative 2 2 0 0 0 0 
Respiratory 
Depression 
Dizziness 3 5 0 0 0 0 
Sleepiness/ 2 8 2 0 0 6 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 


“From two Clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 


healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were: Laryngospasm, bronchospasm, 
postoperative confusion, headache, cabbage postoperative euphoria, a pain on injection, urticaria, and 
itching. Some degree of skeletal muscle rigidity should be expected with induction doses of ALFENTA. 

DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule |! controlled drug substance 
that can a produce drug dependence of the morphine type and therefore has the potential for being abused. 
OVERDOSAGE: sak A would be manifested by extension of the alleen gs ryer actions of ALFENTA 
(alfentanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. No experience of 
overdosage with ALFENTA was reported during clinical trials. The intravengus LDso of ALFENTA is 43.0-50.9 mg/kg 
in rats, 72.2-73.6 mg/kg in mice, 71.8-81.9 mg/kg in _— pigs and 59.5-87.5 mg/kg in dogs. Intravenous adminis- 
tration of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid even Sica Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated for 
hypoventilation or apnea. If respiratory depression is associated with muscular oy a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive agents may 
be required to manage hemodynamic instability. 

DOSAGE AND ADMINISTRATION: The merry of ALFENTA (alfentanil hydrochloride) should be individualized in 
each patient according to body weight, physical status, underlying pathological condition, use of other drugs, and 
type and duration of surgical procedure and anesthesia. In obese patients (more than 20% above ideal total body 
weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dose of ALFENTA 
should be reduced in elderly or debilitated patients ve PRECAUTIONS). Vital signs should be monitored routinely. 
Protect from light. Store at room temperature 15°-30° C (59°-86° F). 
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